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_Make Plans to Attend 


29TH ANNUAL MEETING 


OF THE 


FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 
ASSOCIATIONS 


IN CONJUNCTION WITH 


CALIFORNIA SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATION 


STATLER HOTEL 
Los ANGELES, CALIFORNIA 


October 8-11, 1956 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


4445 WISCONSIN AVE, N.W. WASHINGTON 16, D.C, 
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Greater 
Flexibility in 
Comminution® 


successful comminution. 


*Continuous screening and subsurface cutting 
of coarse sewage material without removal 
from the sewage flow, eliminating unsightly 
mess, nuisance and odor from screenings. 


For Sewage Flows From .005 to 
250 MGD Per Machine Installed 
In A 6” Pipe, A Basin Or A 
Rectangular Channel Section. 


The greater flexibility and wide applicability of 
comminution made possible by the equipment 
illustrated here is the result of Chicago Pump 
Company’s original development of comminution 
and the Comminutor and its 20 years of expe- 
rience in over 4000 installations of exclusively 
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CHICAGO PUMP COMPANY 


Model ‘‘A’'’ Barminutor Screening and Comminu- 
ting Machine. Designed for use in rectangular 
channel! sections 4 to 12 feet wide, sized for flows 
of 10 MGD and upwards. 


The C i s i and Comminuting Mo- 


chine. Designed for use in hydraulically designed 
feeder basin, sized for flows from .175 to 25 
MGD per mochine. 


4 Barminvtor Screening and Com- 

Designed for use in rectangular 
cemeal: sections 1 to 3 feet wide, sized for flows 
from .09 to 15 MGD. 


Model 7B Com- 
minutor Screen- 
ing and Com- 
minuting Ma- 
chine. Designed 
for use in 6” or 
8” sewer pipe, 
sized for flows 

005 to 
-175 MGD per 
machine. 


Subsidiary of Food Machinery and Chemical Corp 


SEWAGE EQUIPMENT DIVISION 
DIVERSEY PARKWAY: CHICAGO 14, 


Flush Kleen @, 


Plunger, Horizontal and Vertical Non-Cloge Water 
Seal Pumping Unite Sample Swing Dibus Diffuaors, Ditlusera, M 
ators. Ci Aerator- for © 
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A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 


collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works. 
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CHLORINE GAS FEEDERS... 


Here's proof of good chlorine feeder design! The 
gos flow path shown in this Builders-Providence flow- 
gram is the shortest offered by any manufacturer of 
chlorination equipment . . . and we invite compari- 
son! Good design means maximum dependobility 
(to the consulting engineer) . . . ease of installation 
(to the contractor) . . . and easy operation, low up- 
keep, and low operating cost (to the operator). 

Our design offers all these and more. For added 
sofety . . . there are no springs or piloted parts in 
contact with chlorine, no packed valve stems to leak 
of the entire system means better operation with 
less maintenance. 


These superior features did not just happen — 
but are drawn from the vast reservoir of B-1-F appli- 


SEWAGE, and WASTE TREATMENT PLANTS. Many con- 
sulting engineers have profited by the valuable 
assistance received from B-1-F specialists. Our policy 
of continuing research and development has ~d 
duced the most comprehensive, service-proven line 
available . . . and thousands of superior performance 
records reflect our broad design 

end experience. 


problem, our engineers will gladly [iam 
help you solve it. A call to GAspee 
1-4302 in Providence . . . or to 
one of our local offices . . . wil 
put us at your service. B-I-F Sales 
and Service Offices are located 
across the country for your con- 
venience. Act today! Builders-Provi- 
dence, Inc., 368 Harris Avenue, 
Providence 1, Rhode Island. 


‘I-F INDUSTRI 


PROVIDENCE, RHO 


DE ISLAND 
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Alabama Water and Sewage Assn.* 
W. L. Samuet, Secretary 
c/o Byrd L. Moore & Co. 
Box 143 
Fairhope, Alabama 


Arizona Sewage and Water Works Asen.* 
Quentin M. Megs, Sec-Treas. 


721 N. Olsen 
Tucson, Ariz 

Arkansas Water and Sewage Conf.* 
Dr. C. Oxrorp, Sec.-Treas. 
University of Arkansas 
Fayettevil e, Ark. 


California Sewage and Industrial Wastes Axsn. 
. C. Matrery, Sec.-Treas. 
4822 N. Dunsmore Ave. 
La Crescenta, Calif. 


Omer Institute on Sewage and Sanitation 
E. Berry, Sec.-Treas. 
Adininis strative Office 
72 Grenville St. 
Toronto, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
Grorce F. Bernaver, Sec.-Treas. 
713 Chapman St. 
Madison, Wis. 
Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section* 
Cuarres E. Carr, Sec.-Treas. 
c/o Div. of Sanit sagneets 
State Board of Health, Pierre, S. Dak. 


Federal Sewage Research nae 
‘eitH S. Krause, Sec.-Treas. 
Room 904, 1114 Commerce St. 
Dallas, Texas 


Florida Sewage and Industrial Wastes Assn. 
M. E. Dawkins, Sec.-Treas. 
P. O. Box 4817 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
A. T. Srorey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
tro Sec.-Treas. 
Theaterstrasse 24 
Bonn, Germany 


Institute of Sewage Purification 
W. F. A. Snook, Sec. 
10, Cromwell Place 
South Kensington 
London, S. W. 7. England 


Institution of Public Health Engineers 
Ernest V. Barsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage and Industrial Wastes Assn. 
L. F. Sxorczesx1, Sec.-Treas. 
207 South 15th Ave. 
Marshalltown, Iowa 


Kansas Sewage and Industrial Wastes Asean. 
James F. Atxen, Sec.-Treas. 
Supt. of Water and Sewage Treatment 
407 City Building 
Wichita, Kansas 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, -Treas, 
420 Sixth Ave., N., Nashville 3, Tenn. 
Louisiana Centum on Water Supply and 
Sewerage * 
Grorcs H. West, Sec.-Treas 
P. O. Box 15, Water Dept., ‘Lake Charles, La 
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FSIWA MEMBER ASSOCIATIONS 


Maryland-Delaware Water and Sewage Assn.* 
W. M. Brnotey, Sec.-Treas. 
2411 N. Charles St., Baltimore 18, Md. 


Michigan Sewage and Industrial Wastes Assn. 

D. ERCE, Sec.-Treas. 

Michigan Dept. of Health 

Room 334, Admin. Bldg., Lansing 4, Michigan 
Missourl Water and Sewerage Conf.* 

Warren Kramer, Sec.-Treas. 

c/o State Office Bldg., Sixth Floor 

Jefferson City, Mo. 


Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn. 
V. J. Lecurenserc, Secretary-Treasurer 
614 Standard Oj] Bldg., Omaha, Neb. 
New England Sewage and Industrial Wastes 
Assn. 
Henry F. Munroe, Sec.-Treas. 
75 Pine Avenue, Cranston 10, R. I 
~— Jersey Sewage and Industrial Wastes 
ssn. 
Micwaet S. Kacworsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J 
New York Sewage and Industrial Wastes Asen. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
Carolina Sewage and Industrial Waste 
W. E. Lone, Jr., Sec.-Treas. 
Box 2091, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Tre 
301 Ohio Depts. Bidg., Gaedion 15, Ohio 
— Water, Sewage and Industrial Wastes 
Jonf. 
H. M. Crane, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Water W. Saxton, Sec.-Treas. 
408 Old Capitol Bldg. 
Olympia, Wash. 
Pemcenevents Sewage and Industrial Wastes 
ssn. 
J. R. Harvey, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
916 Diamond, Meadville, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Joun R. Peterson, Sec.-Treas. 
376 City and County Bldg., Denver 2, Colorado 
South Carolina Water and Sewage Works 
Asen.* 
T. A. Kors, Sec.-Treas. 
1329 Ellison Rd., Columbia, S. C. 


(Sweden) Foreningen Fir Vattenhygien 
Erxtk Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Epvuarp Houtncer, Treasur 
Spitzackerstrasse 17, Liestal, * Switzerland 
Texas Water and Sewage Works Assn.* 
V. M. Enters, Sec.-Treas. 
2202 Indian Trail, Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
san. 
J. L. Hamrick, Sec.-Treas. 
R.F.D. 8, Box 550 
Richmond, Va. 
West Virginia Sewage and Industrial Wastes 
sen. 
Guzen O. Fortney, Sec.-Treas. 
State Dept. of Health, Charleston, W. Va. 
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Self-Scouring 


Elliptical VENTURI TUBE... 


Assures accurate measurement of sewage, sludge, or trade 
wastes at low velocity ... even under low pressure! Throat 
ellipse’s major dimension is vertical—equal to diameter of 
circular main section. 


Flat, Straight Top 
— prevents accumulations of 
air or gas that under certain 
conditions could impede flow 

and distort measurements. 


_ Horizontal Invert 
—a flat straight bottom, self- 
scouring of sediments or 
solids. 


Teamed with a Simplex Venturi Meter, this new Type VE 
venturi tube assures accuracy under low-flow for a wide range 
of pressures. 


For further information, write to Simplex Valve & Meter 
Company, Dept. SI-4, 7 E. Orange St., Lancaster, Pa. 


It’s Simplex — It’s Accurate 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


Kansas Sewage and 
Industrial Wastes Assn. 


Montana Sewage and 
Industrial Wastes Assn. 


Arizona Sewage and 
Industrial Wastes Assn. 


Virginia Industrial Wastes 
and Sewage Works Assn. 


California Sewage and 
Industrial Wastes Assn. 


Maryland-Delaware Water and 
Sewage Assn. 


Michigan Sewage and 
Industrial Wastes Assn. 


Alabama Water and Sewage Assn. 


Foreningen Fér Vattenhygien 


Ohio Sewage and Industrial Wastes 
Treatment Conference 


Institute of Sewage Purification 


Central States Sewage and 
Industrial Wastes Assn. 


Pennsylvania Sewage and Industrial 
Wastes Assn. 
Iowa Sewage and Industrial Wastes 


Assn. 


Kentucky-Tennessee Industrial Wastes 
and Sewage Works Assn. 


Georgia Water and Sewage Assn. 


Place 


Jayhawk Hotel 
Topeka, Kansas 


Murray Hotel 
Livingston, Montana 


Buena Vista Hotel 
Safford, Arizona 


Natural Bridge Hotel 
Natural Bridge, Va. 


Santa Rosa Hotel 
Santa Rosa, Calif. 


Willard Hotel 
Washington, D. C. 


Whitcomb Hotel 
St. Joseph, Mich. 


Alabama Polytechnic 
Auburn, Ala. 


Karlstad, Sweden 


Hotel Carter 
Cleveland, Ohio 


Harrogate, England 


Northland Hotel 
Green Bay, Wis. 


Pennsylvania State 
University 
University Park, Pa. 


P. M. Park 
Clear Lake, Iowa 


Hotel Patten 
Chattanooga, Tenn. 


Hightower Textile 
Bldg. 

Georgia Inst. of Tech- 
nology, Atlanta, Ga. 


Apr. 


Apr. 


Time 
4-6, 1956 


5, 1956 


. 5-7, 1956 


19-20, 1956 


. 25-28, 1956 


June 


June 


June 


June 


June 


Aug. 


Sept. 


Sept. 


Sept. 


10-11, 1956 


14-16, 1956 


4-6, 1956 


7-8, 1956 


13-15, 1956 


18-22, 1956 


20-22, 1956 


29-31, 1956 


12—14, 1956 


17-19, 1956 


19-21, 1956 


TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
California Sewage and Industrial Wastes Association 


Statler Hotel, Los Angeles, California 
October 8-11, 1956 
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Typical CATEXER® ANEXER® fon Exchange Plant 


Low installed cost 
© Minimum space requirement 
© Chemical recovery 


New ion exchange techniques using * Demineralized rinse water 
“CATEXER” “ANEXER” plants make it © Simplified waste disposal 


practical to recover valuable chemicals and 


rinse waters in some cases. Only careful 
evaluation will show whether recovery methods, 
or treatment by oxidation, reduction or 
precipitation is more economical. INFILCO 
manufactures all types of waste treatment 
equipment and can offer an impartial 

solution to your problem. Write for complete 
information. 


INFILCO INC. 


921 South Campbell Ave., Tucson, Arizona 
Offices in principal cities in North America 5539 


The one company 
offering engineered 
equipment for all 
types of water and 
waste processing — 
coagulation, 
precipitation, 
sedimentation, 
flotation, filtration, 
lon exchonge and 
biological treatment. 
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AWAKE, TOO... 


different reason 


To the householder, a dripping faucet is only an annoyance ... 


To you it’s waste that can be eliminated only by an educated and alert public, 


willing to cooperate in your efforts at conservation. 
Here, we can... and will continue to... help. 


Our national advertising campaign, reaching mil- 
lions, stresses conservation and the need of long-range, 
advance planning for adequate water facilities. It 
urges realistic water rates and support for the forward- 
looking legislation and bond issues that will insure 
a plentiful supply for the future. 

It’s designed to help America . . . and you . . . con- 
serve our most precious national resource . . . keep 
water flowing freely and abundantly for all. 


CAST IRON ... the pipe that’s bought 

on proof, not claims 
No other pipe can point to so convincing a record 
of long life. 

Over 70 public utilities are served by cast iron mains 
laid over a century ago. This demonstrated record of 
long life not only gives the public the dependability 
it has a right to expect in a water system... it saves 
tax dollars as well. Once in the ground, cast iron serves 
for generations with minimum maintenance. Cast 
iron’s long term economy pays off! 

Today, water officials can rely on even better cast 
iron pipe. Modernized cast iron, centrifugally cast to 
be even tougher, stronger, more uniform. And where 
needed and specified it is cement-lined to assure sus- 
tained carrying capacity throughout its long service. 


You specify wisely and well when you specify cast 
iron pipe for your water system. The experience of 
over 100 years proves you chose the best. 

Cast Iron Pipe Research Association, Thos. F. Wolfe, 
Managing Director, 122 So. Michigan Ave., Chicago 3, 
Illinois. 


a 


Laid 120 years ago this cast iron water 
main continues to serve the taxpayers of 
Lancaster, Pa. Photo shows section of a line 
about 1% miles long, laid in 1836, and still 
@ port of the Lancoster water distribution 
system. 
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Designed by Massey Engineers, 
Consultants, and constructed by 
Blackwell Engineering Co., the 
Fairfax plant is located right 
across the Potomac from Washing- 
ton. ElectroniK instruments onthe 
semigraphic panel board control 
critical points in the treatment 
system. 


Brown instruments guide critical 
processes in Fairfax County’s new plant 


The $1.5 million sewage treatment plant, com- 
prising many unique features, just completed by 
Fairfax County, Virginia, is making a big con- 
tribution toward cleaning up the Potomac. De- 
signed to care for a community of 80,000, this 
modern plant makes good use of the most up-to- 
date treatment techniques . . . including accurate, 
automatic supervision of critical operations by 
Brown instruments. 


ElectroniK instruments control temperatures in 
the sludge dryers, to assure thorough moisture 
removal at maximum fuel economy. Another 
ElectroniK instrument records pH of effluent as 
a final check on overall system performance. 
Multi-point ElectroniK recorders provide con- 
tinuous spot checks of other vital plant tempera- 
tures, to guide operators in supervising processes. 


The leading choice of designers and consultants 
in the water and sewage treatment field, Brown 
instrumentation has been selected for many of 
the country’s outstanding installations. This di- 
versified line of equipment covers practically 
every requirement of modern treatment processes 
... and it is backed by prompt, competent service 
from some 90 Honeywell service centers. 


Your local Honeywell sales engineer will welcome 
the opportunity to discuss specific requirements 
with you and your consulting engineer. Call him 
today .. . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, Tor- 
onto 17, Ontario. 


@ REFERENCE DATA: Write for Bulletin 7302, ‘‘instrumentation for Water, Sewage and Industriai Waste Treatment” 


NNEAPOLIS 


Honeywell 


BROWN 


INSTRUMENTS 
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HUGE submorine liners with gloss capoble of withstanding tremendous pressure may offer the troveler 
of the future intimate glimpses of life under the seo and immunity from storms ond seosickness. 


100 years from now... 
WE MAY SIGHTSEE UNDER THE SEA! 


The world of the future—full of amazing, time-saving, health- 
giving products and machines. Still being used, however, 
will be the reliable cast iron water and gas mains laid today. 

Records show that over 60 American cities from coast to 
coast are still served by cast iron water and gas mains laid 
more than a century ago. And modernized U.S. Pipe... 
centrifugally cast, quality-controlled from mines to finished 
product...is extra rugged, more dependable than ever. 

U.S. Pipe is proud to be one of the leaders in a forward- 
looking industry whose service to the world is measured in 
centuries. 


U. 8S. PIPE AND FOUNDRY COMPANY, General Office: 2 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED PIPE. 
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Consulting Engineers: Whitman and Howard Photo—Dorr-Oliver, Inc. 


VAREC SEWAGE EQUIPMENT 
helps BURLINGTON, VERMONT 
keep LAKE CHAMPLAIN clean 


Varec’ Burlington, Vermont, has installed the first 


modern sewage plant in Vermont to protect the 
waters of Lake Champlain for swimming, fishing 


Pressure Relief and Vacuum and boating. 
Brecker Valve On the Dorr Multidigestion System, VAREC 
| SEWAGE GAS CONTROL and SAFETY DE- 
Plame Wow Manali VICES protect the plant against fire and explo- 
° sion, and regulate the volatile sewage gas for 
Explosion Relief Valves smooth operation, 


SEWAGE EQUIPMENT 


Waste Gas Burners With thousands of communities in the United 


Flame Checks States and Canada installing Varec Sewage Equip- 
wessits Gael Git ment, it is practically standard for controlling 
Flame Trap Assembly gases from sewage digesters. Send for VAREC 
Catalog S-3. 

THE VAPOR RECOVERY SYSTEMS CO. 


Check Valves COMPTON, CALIFORNIA 


Drip Traps Cable Address: VAREC COMPTON CALIFORNIA (U.S.A.) 
All Codes 


Pressure Reducing 
Regulator 


Sedi tT 
a eo Available from Authorized Sewage Equipment agents 


Manometers throughout U.S. and Canada. 
$-13 
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Only when the 
perfect pipe 
is invented. 


The dream pipe for which all engineers pray 
would be light as a feather, indestructible, 
pliable enough to bend around obstructions, 
and would be installed by a magical ma- 
chine that digs the trench and extrudes, 

lays and backfills the pipe. 


Needless to say, this will be in the far 
distant future. Until such a dream pipe is 
invented, water works officials and gaents 
are specifying the next best pipe— 

LOCK JOINT CONCRETE PRESSURE PIPE 
It comes the closest to realizing eon 
their ideal specifications: long 3 
life at top carrying capacity wy 
because it never corrodes nor 

tuberculates; great strength 

to withstand internal pres- 

sure and exterior load- 

ing; versatility to meet the 

most difficult laying 

conditions, and mini- 

mum maintenance 

requirements over 

the years. 


East Orange, “New Jersey 
“Columbia, S.C. + Denver, Col. + Detrot, Hartford, Conn. Kansas City, Mo 


Pressure + Water + Sewer + REINFORCED CONCRETE PIPE + Culvert - Subaqueous 
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CHAPMAN 
Stand SLUICE GATES 


Whether for high head or low 
of standard Chapman Sluice head, seating or unseating pres- 


sures, large or small waterway 
areas, there’s a Chapman Standard 
Sluice Gate to do the job better and 
at lowest possible cost. They are 
easier to install and more econom- 
ical to maintain for these three im- 
portant cost-saving reasons. 


Gates to meet most condi- 
tions. Controls are for either 
manual, hydraulic or electric 
motor driven operation. Many 
special designs and sizes are 
also available. 


Easy Installation — Chap- 

man Standard Sluice Gates 
are faster and simpler to in- 
stall because component parts 
are interchangeable. They fit 
perfectly, every time, without 
expensive and time consum- 
ing matchmaking or field al- 
terations. 


Replacement Parts — 
Standardized manufacture 
means that should repair and 
replacement parts be needed, 
they will fic perfectly into 
place without fitting. Servicing 
and repairs can be done at the 
job with minimum expense. 
Chapman Standard Sluice 
Gates have been job-tested in 
waterworks, sewage works 
and flood control projects 
across the country. They are 
your assurance of top per- 
formance at lowest cost. If 
your current project calls for 
sluice gates, be sure to write 


for revised Catalog 25A and The CHAPMAN VALVE 


check the big advantages that 
only the Chapman Standard Manufacturing Company 


Sluice Gate Line offers. INDIAN ORCHARD, MASSACHUSETTS 
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4. Maintenance 
Savings 


... how Transite Sewer Pipe 


saves in 4 


Selecting the right pipe material fora 
new sewage system—or for additions 
to an existing one—is a problem of 
major importance to all concerned in 
influencing a choice. And it can be 
solved to the complete satisfaction of 
both installer and user with economies 
in each of these stages—(1) system 
design (2) installation (3) operation 
and (4) maintenance. 

Engineers thinking in long-range 
terms of thoroughly proved sewer 
main performance. . . contractors in- 


important ways 


terested in serving community needs 
at new lows in installed cost—both 
should know Transite® asbestos- 
cement Pipe and Ring-Tite® Cou- 
pling. Here is a new booklet that tells 
how Transite Pipe reduces infiltra- 
tion, keeps out roots; maintains high 
flow capacity; speeds installation; 
permits designing the system for sav- 
ings. Write for Booklet TR-165A, 
Johns-Manville, Box 60, New York 


16, N. Y.; In Canada, Port JM 


Credit, Ont. 


Johns-Manville TRANSITE SEWER PIPE 


WITH THE RING-TITE COUPLING 
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INCINERATION 


for the small community 


Morse Boulger Incinerator serving 
Lucas & Hunt Village, St. Louis, Mo. 


ths old-fashioned refuse dump—no matter 
how distantly located from the town—is still an eye- 
sore, a health menace and a nuisance. Haulage to 
it and bulldozing (which should be done anyway) 
cost money. 


Morse Boulger, while serving very large cities with 
high tonnage incineration, has never neglected the 
small community. It, too, is entitled to the best in 
incineration ...which Morse Boulger Engineers can 
provide. 


Have your consulting engineer get in touch with us 
about your requirements. We have basic drawings 
all set up for several types of incinerators in a wide 
range of capacities. We can expedite the plan you 
need. 


MORSE BOULGER DESTRUCTOR CO. 


80-E 5th AVENUE ° NEW YORK II, N. Y. 
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Glass graduate at left shows waste as it 
flows into settling tank at chemical plant. 
Mound of sludge filter cake in center rep- 
resents solids taken from liquid (right) 
before discharge into sewerage system. 


LINK-BELT Circuline Collector 
concentrates sludge fast 
in treating corrosive waste 
at Ohio chemical plant 


In Cincinnati, surcharges are levied on industrial 
wastes that exceed maximum legal strength when 
discharged to city sewers. At the St. Bernard, Ohio 
plant of Toms River-Cincinnati Chemical Cor- 
poration, Cincinnati Division, corrosive and abra- 
sive acid wastes make treatment prior to discharge 
to the city sewerage system the most economical 
disposal method. 

As in municipal water and sewage plants and 
industries throughout the country, Link-Belt had 
a hand in the solution. A Circuline Collector in 
the settling tank gathers settled sludge so gently 
that minimum agitation and maximum concentra- 
tion occurs. This results in high tank efficiency in 
removing solids and minimum costs to dewater 
the sludge. It is meaningful that in seeking maxi- 
mum efficiency and maximum sludge density, 
Link-Belt equipment was recommended by the 
consultants, R. L. Woolpert Co. of Dayton. 

In the same way, our engineers will help work 
out answers to your specific needs, collaborating 
with your engineers, consultants and chemists. 
Call the Link-Belt office nearest you. 

© 


LINKi@;BELT 


SANITARY ENGINEERING EQUIPMENT 


OF 
3 


Africa, Springs. Representatives 


Sure way to clarify 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Bele Plants a 
Offices in All Principal Cities. Ex en oe oe ee Fon 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South 
roughout the World. 


industrial wastes 
to this 


This 200,000-gal. settling tank is equipped with a Link-Belt 
Circuline Collector using Link-Belt Promal chain. Power is 
supplied through a Link-Belt worm gear and roller chain drive. 


After sludge is concentrated in two 13,500-gal. tanks, it is 
dewatered on a coil-spring vacuum filter and carried from filter 
by Link-Belt 18-in. wide belt conveyor to be trucked to a dump. 


4 


Sales 
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NEW! a flow meter 


with no flow 


restrictions ! 


FOXBORO 
MAGNETIC 
FLOW METER 


This premium-performance flow 
meter magnetically measures the 
flow rate of virtually any liquid 
except hydrocarbons — without 
adding any pressure drop to the 
line! It connects into the line like an 
equal length of pipe... has no pres- 
sure taps or moving parts... needs 
no maintenance. Overall accuracy 
is better than 1% of range over 
entire scale .. . even on rock-and- 
acid or sand-and-water slurries! 


The Foxboro Magnetic Flow 
Meter operates on the same prin- 
ciple as a power generator. Liquid 
passing through its magnetic field 
generates voltage proportional to 
average velocity. This voltage is 
recorded directly in flow units by a 
Dynalog Recorder or Controller. 

Available in standard sizes from 
2” to 8”... larger if required. Write 
for full details on this more-accu- 
rate, trouble-free flow meter. 


THE FOXBORO COMPANY, 884 NEPONSET AVE., FOXBORO, MASS., U.S.A. 


Reg. U S. Pat Off. 


FACTORIES 


IN THE UNITED STATES, 


CANADA, AND ENGLAND 
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1OWA CHECK VALVES— 1OWA MEDIUM AND LOW 
Swing gate type for use in either PRESSURE VALVES—either 
horizontal or vertical pipe lines. non-rising stem or outside screw 
Bronze trimmed throughout. Stain- and yoke types. Designed as care- 
less steel hinge pins. Leather or fully as those conforming to 


rubber faced gates, or solid bronze, A.W.W.A. specifications but with 


for ev job 
—. I as desired—aluminum gates avail- lighter construction for lower 


a's complete line of Sor pressures. 


ves for treatment plants off 
you of \Wnil, Tooay fou duveiptine 
efficient operation, 
‘maintenance cost, and 


replacement parts when 
needed in years to come. 


FLAP VALVES—all 
iron; can be furnished with bronze CLOW HYDROSTATIC RE- 
hinge bolts orfullybronzemounted LIEF VALVES — commonly 
1OWA PLUG DRAIN VALVES— —including bronze bolts, flap ring used in bottom of concrete tanks 
either rising or non-rising stem type. High and seat ring—when required. to prevent ground water from float- 
strength cast iron bodies; bronze ing the tank. Close-grained cast 
stem, operating nut, disc ring and iron body and lid; lead seat ring 
seat ring: rustproof steel bolts and and lid ring. Cast iron grate in bot- 
nuts. Handwheels, extension stems, tom prevents foreign matter from 
plain or indicating floor stands it entering tonk. 
required. 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


For 45 years a reliable source for 
precision engineered products 


Oskaloosa, lowa 
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MORE 
FILTER CAKE 
is dried 
burned by the 


than by all other 
systems combined! 


There’s good reason why all over the country disposal plants 
for cities of every size are taking advantage of the C-E Ray- 
mond System’s versatility. It is the only system available today 
that allows you to flash dry or incinerate sewage sludge—alter- 
nately or concurrently, in any proportion. Furthermore, it is 
available with a high-temperature deodorization system that 
eliminates odors. 

Whether you wish to incinerate filter cake —or dry it to a 
marketable soil conditioner—a C-E engineer will be glad to help 
you plan an installation for your community. Just call the 
Combustion office nearest you. 8-895 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 


Eastern Office: 

A booklet describing the operation of the C-E Ray- 
mond System is now available. For your copy, mail 
this coupon to Combustion Engineering, Raymond 
Division, 1315 North Branch Street, Chicago 22, Ill. 


200 Madison Avenue 
New York 16, N. Y. 


Western Office: 


510 West Sixth Street 
Los Angeles 14, California TITLE__ 


NAME 


ADDRESS___ 


TY. 
also flash drying and incineration systems a 


for industrial waste disposal 
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Nashville launches 
sewage siphon... 


AMERICAN sets 
the course 


This photograph of parallel installation 
of 30" and 24" Molox Ball Joint Pipe 
demonstrates its deflection capability. 


When Nashville, Tennessee, began a program of river pollution control, 
American Molox Ball Joint Pipe, centrifugally cast, was selected for two 
siphons to carry city sewage across the Cumberland River. 

Molox Ball Joint Pipe was developed by the American Cast Iron Pipe 
Company, especially for sub-aqueous service. It is an integral centrifugally 
cast pipe, insuring maximum strength. Each joint provides approximately 15° 
deflection and allows expansion and contraction. 

Molox is only one of a complete line of fine quality, longer-lasting centrif- 
ugally cast products of the American Cast Iron Pipe Company . . . products 
which are the result of forward-looking research and competent engineering. 
Here, as in hundreds of other sewage and water installations, American 


helped “set the course” for permanent, economical pipe service. Specify 
American Cast Iron Pipe. 


New York City Minneapolis Los Angeles Pittsburgh 

Chicago Dallas San Francisco Cleveland 

Kansas City Houston Orlando Seattle 
Denver 


MEE 


CAST IRON PIPE Co. 
BIRMINGHAM 2, ALABAMA 
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PET introduces a 


controlled 


activated sludge process 


KRAUS DISTRIBUTED AIR PROCESS 


with nitrified sludge interchange 
provides completely controlled 


activated sludge 


In full scale operation at the Peoria, Illinois plant, 
this new method of applying air in conjunction 
with the return of reaerated activated sludge 

and digester liquor has made it possible 

to successfully treat the increased sewage flows 

in their present aeration tanks. 

This new PFT distributed air process is now 


waste treatment equipment available. Briefly it provides: 
exclusively since 1893 


USH TAN 
4241 Ravenswood Avenue 
Chicago 13, Illinois 


PORT CHESTER, N. 


Y. 


co. 


® Greater stability of activated 
sludge treatment 


© More efficient treatment of shock loads 
® More efficient use of aeration tank capacity 


© Lowered power requirements for air 


SAN MATEO, CALIF. @® CHARLOTTE, N.C ® JACKSONVILLE @ DENVER 
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Aerial view of the Ada plant token in 1954 shortly ofter starting up. Clarifiocculator unit at left. 
Consulting Engineer: Ralph W. Deloney, Ada, Okichomea. 


DORRCO CLARIFLOCCULATOR 
Used in New Ada, Oklahoma, Plant 


LOW RATE TRICKLING FLOWSHEET 


Typical of many U.S. cities, the problem of a steady 
growth of population in Ada, Oklahoma, resulted in 
badly overloaded sewage treatment plant facilities 
By the late 1940's, it was apparent that the original 
plant built in 1939 was completely inadequate to 
handle the increased flow. Rather than expand exist- 
ing facilities, studies made by the city indicated that 
it would be more economical to build an entirely 
new 3 MGD plant. 

In designing the plant, Consulting Engineer 
Ralph W. Delaney of Ada, Oklahoma, incorporated 


a 70 ft. dia. Dorrco Clariflocculator mechanism in 
the flowsheet to handle the flocculation and clari- 
fication steps. In addition to this combination unit, 
equipment at the Ada plant includes a Dorr De- 
tritor unit for grit removal, a 168 ft. dia. Dorrco 
Distributor for low rate trickling filter treatment, a 
75 ft. dia. Dorr Final Clarifier and a Dorr Mult- 
digestion System 

If you would like more information on Dorr- 
Oliver equipment and methods for modern sewage 
treatment, write to Dorr-Oliver Incorporated, 
Stamford, Conn., for Bulletin No. 6041. 


Clariflocculotor and Detritor T. M. Reg. U. S. Pat. Of 
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Sewage Works 


In recent years there has been a 
mass exodus of population to the 
fringe areas surrounding parent cities. 
For economic and other reasons the 
extension of publie sewerage and wa- 
ter supplies has not kept pace with 
the relocation of population. The 
problem of furnishing these facilities 
is most perplexing in some instances, 


and almost every state is having 
trouble with fringe-area sanitation 
programs. 


In some areas the problem of ob- 
taining adequate water supplies has 
been difficult to solve. People are not 
as likely to locate where there is an 
inadequate water supply as they are 
where there is no sewer system. Ac- 
cordingly, the provision of satisfactory 
sewerage facilities poses the most diffi- 
eult problem in a majority of cases. 
Often septic tank systems are allowed 
in non-sewered areas where soil condi- 
tions are unsuitable and building lots 
are too small. As a result, many pub- 
lic health nuisances are created and 
much time, money and comfort are 
lost through lack of foresight and fail- 
ure to apply basic engineering prin- 
ciples in the selection, layout, design 
and construction of the sewage disposal 
facilities. 


* Presented at 28th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns. ; 
1955. 


Atlantic City, N. J.; Oct. 10-13, 


FRINGE-AREA SANITATION—A SYMPOSIUM * 


I. NATIONAL PROBLEM 
By Joun E. Kiker, Jr. 


Professor of Civil Engineering, University of Florida, Gainesville, Fla. 


Considering the number of failures 
of septic tank systems, it may seem 
surprising that the problem has not 
been more widely recognized and prop- 
erly attacked. In the past, however, 
a great many engineers have consid- 
ered it beneath their dignity to become 
associated with the problem. This 
very fact is believed to be one of the 
reasons for the present state of affairs. 
It simply must be recognized that some 
real engineering is needed for the 
proper solution of the fringe-area 
problems. 

The situation and attendant prob- 
lems have been receiving increased at- 
tention from state and Federal health 
officials. For several years now the 
U. S. Public Health Service has en- 
gaged in research on septic tanks and 
related problems. Several reports have 
been prepared and at present work is 
progressing on a new manual of septic 
tank practice. In addition, a special 
committee of the American Society of 
Civil Engineers is presently studying 
fringe-area sanitation problems. 

General observations indicate that 
the problems of fringe-area sanitation 
are just as acute in California as in 
Florida, Kansas or New Jersey. The 
problems in most areas are similar, and 
the basic tenets involved in their solu- 
tion are also similar to a considerable 
degree. 
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II. FRINGE-AREA SANITATION IN NEW JERSEY 


By I. Russevut RIKER 


Sanitary Engineer, Princeton Borough and Township, and Princeton University, 
Princeton, N. J. 


The present trend of population 
movement from town and city to the 
country has affected New Jersey in the 
same way as other parts of the United 
States. As a result, a serious sanitary 
problem has been created in the fringe 
area, including the area within the 
boundary of the municipality as well 
as that adjacent thereto. The growth 
of population has been remarkable. 
The townships surrounding small 
populated boroughs have increased in 
population beyond that of the bor- 
oughs. There are in New Jersey, a 
comparatively small state, more than 
500 municipal corporations, the ma- 
pority of which have small populations 
with part-time municipal employees. 
As a result, the municipalities have 
been unable to cope with the sanitary 
problems of water, sewage, drainage 
and garbage disposal. The most se- 
rious problem is that of providing ade- 
quate sewerage facilities. 

Developers of housing have natu- 
rally been trying to keep the cost of 
their developments to a minimum and 
they have made every effort possible 
to get financial help from towns and 
cities when the developments were 
within corporate limits. Fortunately, 
officials soon realized it was unfair 
to the existing taxpayers to provide 
new trunk sewers, water mains, schools 
and other utilities for this new popula- 
tion growth, which in some cases did 
not provide enough in taxes to meet 
the new expenses made necessary by 
the extensions. Developers frequently 
subdivided farms with little municipal 
control. In many of the townships 
there was no sewer system and in some, 
no water supply, municipal collection 
of garbage or storm drains. 

As a result of this lack of sanitary 
facilities, planning laws for the regu- 
lation of subdivisions have been re- 


vised and strengthened. Standards 
developed by a committee appointed by 
the governor of New Jersey, were 
written into the planning laws. At 
present land cannot be subdivided un- 
less it meets the planning law stand- 
ards, nor can a building permit be 
issued unless the building is to be lo- 
eated on an improved municipal 
street. The local board of health must 
certify that the soil at the building 
site is suitable for an individual sew- 
age disposal system, if an approved 
sewer system is not available. 

The expense of extending the water 
mains and increasing the main sizes 
to reach the suburbs has caused de- 
velopers and even individuals to in- 
stall their own water systems. A 
similar situation applies when sewers 
are either of inadequate capacity or 
the cost of long connecting trunk lines 
would be uneconomical. These condi- 
tions have developed gradually since 
about 1946, until it became obvious 
that acute unsanitary conditions not 
only were occurring, but were under 
very little official control. 

One of the first steps undertaken 
by the planning board was to require 
larger building lots where individual 
sewage disposal systems were neces- 
sary. It had not been uncommon to 
find subdivisions where individual 
cesspools and/or septic tanks were 
constructed on lots as narrow as 50 ft., 
and with a depth of only 100 to 150 
ft. In one particular case, where the 
first part of the development was on 
high ground and the cesspools worked 
fairly well, a portion of the subdivi- 
was on lower ground with the 
water table near the surface; the en- 
tire area soon became a health menace. 
Sewage overflowed on the surface of 
the ground, the septic tank effluent 
broke through the sub-surface irriga- 
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tion system and ran down the gutters 
in the streets or collected in the de- 
pressed areas in the center of the 
block. In this case a sewer system to 
serve 150 families was the only solu- 
tion. This finally was done after sev- 
eral court cases and much negotiation. 
The individual home owners ulti- 
mately paid double and, in addition 
to the cost of the original system, they 
are now charged an annual sewer 
rental which includes the capital and 
operating cost of this new municipal 
system. 


Legislation 


The New Jersey State Department 
of Health, realizing the seriousness of 
the problem, was instrumental in pro- 
posing effective legislation for the con- 
trol of unsanitary conditions. Ap- 
propriate legislation was enacted in 
1954 to control sanitation in realty 
subdivisions and individual dwellings. 

Briefly, the New Jersey law pro- 
vides that no building permit for the 
construction of a realty improvement 
shall be issued by any municipal au- 
thority until the board of health hav- 
ing jurisdiction shall have certified 
that the proposed water supply sys- 
tem and sewage facilities are in com- 
pliance with the provisions of the law. 
Provision is made for the submission 
of a formal application, accompanied 
by engineering data, for certification 
by the local board of health. 

In developments of 50 or more 
houses, copies of the applications and 
data also are filed with the state de- 
partment of health. The state health 
department may revoke any certifica- 
tion provided that such action is taken 
within 15 days of filing. Penalties 
are provided for violation of any of 
the provisions of the act. The use of 
professional engineers by local boards 
of health in dealing with this problem 
is written into the law. The local 
board of health may accept the certifi- 
cation of a professional engineer, pro- 
vided the application and accompany- 
ing engineering data are in compli- 
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ance with the act and the standards 
for construction. 


Standards 


In compliance with the provisions 
of the law, the state health commis- 
sioner appointed a committee to de- 
velop suitable standards for subdivi- 
sion developments. The standards 
committee is composed of representa- 
tives from the Association of Real 
Estate Boards, the Health Officers As- 
sociation, the Society of Professional 
Engineers, the League of Municipali- 
ties, the Home Builders Association, 
the Institute of Municipal Attorneys, 
the Title Insurance Association and one 
each from the State Department of 
Conservation and Economie Develop- 
ment, and the State Department of 
Health. 

Standards for individual sewage dis- 
posal systems were agreed upon and 
officially adopted after nearly two 
years of study. Paragraph 2.11, Gen- 
eral Requirements, entitled ‘‘ Discharge 
of Effluents’’ is of particular interest. 
‘Individual sewage disposal systems 
shall not be designed, constructed or 
located in a manner that will permit 
the discharge of an effluent onto the 
surface of the ground or into any wa- 
tercourse.’’ The standards cover such 
specific items as building sewers, septic 
tanks and various methods of final dis- 
posal. Particular attention is given 
to soil characteristics and percolation 
tests. It is expected that these stand- 
ards will aid the local health depart- 
ment official and provide the builder 
and developer with a positive guide of 
what is expected in the way of sanitary 
facilities. Ultimately the fringe-area 
resident and his family benefit through 
a healthier environment and sustained 
property values. 
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Ill. SEWER DISTRICTS IN SUBURBAN DEVELOPMENT 


By Myron K. NELSON AND Dwiaut F. METZLER 


Respectively, Chief Engineer, Mission Township Sewer District Mission, Kans., and 


Chief Engineer, Kansas State 


This paper presents some general 
engineering and financial considera- 
tions for organizing sewer districts 
and providing sewerage service in 
metropolitan fringe areas. Since the 
authors are directly concerned in and 
familiar with the problems in Kansas, 
this paper will deal largely with Kan- 
sas areas which abut and are adjacent 
to Kansas City, Kans. and Kansas 
City, Mo. 


Area Characteristics 


The population of northeast John- 
son County, Kans. has grown from 
12,000 persons in 1945 to 85,000 per- 
sons in 1955 and a similar, though 
not as marked, increase has occurred 
in adjacent Wyandotte County. 
Some leveling off in the rate of growth 
has occurred recently, principally for 
lack of adequate public sewerage facili- 
ties for a large part of the area. In 
1945 the area was largely rural and 
was governed by the boards of county 
commissioners. At that time all pub- 
lic improvements had to be authorized 
by special acts of the Kansas Legis- 
lature. As the area developed from 
a rural to a suburban area, growing 
pains were apparent but no satisfac- 
tory remedies were forthcoming un- 
der the governmental laws which were 
designed primarily to fit a farming 
community. Several small communi- 
ties incorporated as third class cities 
and at present there are 12 incorpor- 
ated cities and an incorporated urban 
township government in_ northeast 
Johnson County. Boundaries of the 
cities and the urban township coincide. 
The problems of the cities are almost 
identical but minor differences and 
local pride have kept the communities 
from merging into one major city. 
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The largest city in the metropolitan 
area has a population of 15,000 people 
and the smallest about 250. Each city 
has its own zoning board while the 
urban township zoning board is under 
the jurisdiction of the board of county 
commissioners. Several unsuccessful 
attempts have been made to organize 
a single, over-all planning board. 


Sewage Disposal Problems 


The problems of disposing of sewage 
have afflicted this general area for 20 
years. Soil conditions generally are 
not conducive to the satisfactory per- 
formance of either septic tanks or 
cesspools. Several small community- 
type sewage treatment plants were 
used by developers when the popu- 
lated areas were widely scattered. 
These plants were generally of the 
septic tank-sand filter type. One con- 
tact aeration facility functioned very 
satisfactorily until grossly overloaded. 
Inadequate operation, overloading of 
treatment plants, dry receiving 
streams, and growing density of popu- 
lation adjacent to the treatment plants 
brought on problems of stream pollu- 
tion, odors and health. 

In other parts of the area, indi- 
vidual septic tanks were constructed. 
As the population density increased 
and septic tanks failed, complaints to 
the local and state health departments 
became numerous. Unfortunately, 
there was no agency, either state or 
local, with the authority to prohibit 
the building of sewerage systems on 
individual lots in places where failure 
was a conclusion. Septic 
tanks, with sewage seeping or flow- 
ing to the surface of the ground, could 
be condemned by the public health au- 
thorities but lack of any other means 
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of sewage disposal was a severe handi- 
eap. Fines could be assessed against 
offending parties, but small lots and 
impervious soil prevented any effec- 
tive solution to the problem. 

When it became apparent that fur- 
ther development of the area was be- 
ing retarded, developers and owners 
of large tracts of land became alarmed 
and made a concerted effort to get 
the special legislation needed to create 
a public sewer district. Such a law 
was enacted by the 1945 session of the 
Kansas Legislature. Subsequently a 
sewer district was organized and bonds 
were voted. The election was carried 
by a big majority although only a 
small percentage of qualified electors 
voted. 


Public Districts and Methods 
of Organization 


General Considerations 


Several important factors should be 
considered in setting the boundaries 
of any sewer district. The first is 
topography. Where possible, an en- 
tire drainage area should be included 
in a district. If more than one drain- 
age area is to be included, the eco- 
nomics of duplicate sewage treatment 
plants versus larger collecting sewers 
and pumping to a central treatment 
plant must be considered. Prospective 
uses of land may influence district 
boundaries or the type of district. In 
many areas property owners of large 
tracts suitable for development may 
have varied and conflicting interests 
with respect to use of the land. The 
gentleman farmer group may want the 
countryside to remain in grass to feed 
a few head of cattle. Dirt farmers 
usually find that their land is more 
valuable for homesites than for farm- 
ing. These two types of owners, to- 
gether with persons owning homes in 
any existing developed area, make up 
the property owners in the usual pro- 
posed sewer district. With such a 
heterogeneous group, thrown together 
by geographical accident but with 
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widely varied interests, it is not 
surprising that a sewer district may 
have to defer major capital expendi- 
tures because of financing limitations. 
In Kansas the revenue bond provisions 
are generally applicable to cities, but 
sewer districts outside of cities usually 
have to rely on general obligation 
bonds for financing sewers and sewage 
treatment. 


County Districts 


Several types of sewer districts can 
be organized. The first is the county 
district which can be formed by action 
of the county commissioners without 
petition from the property owners. 
The creation of this type of district 
requires only the formal resolution 
of the county court or county com- 
missioners whenever a suitable bound- 
ary is described. The governing body 
may hire professional engineers to 
make a preliminary report and cost 
estimate. However, a bond election 
must be held and the approval of the 
voters obtained before money is avail- 
able for construction. Should the 
election fail, all expenses for the pre- 
liminary report and election may be 
paid by a single levy on all real prop- 
erty within the boundaries of the dis- 
trict. This plan has the advantage 
of permitting considerable advance 
planning and is well suited to areas 
where development is scattered. 


Township District 


The township board in any town- 
ship having a water supply is author- 
ized to create a sewer district by reso- 
lution after giving proper notice. 
Property owners may protest and, if 
those owning more than one-half the 
land in the area do so within 20 days, 
the district may not be created. After 
formation of the district, the township 
board acts as the governing body and 
is authorized to employ engineers for 
planning. Costs for the preparation 
of plans are paid by an assessment 
against the property in the district. 
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Financing of construction must be ap- 
proved at a special bond election. 


Main Sewer District 


A third type of sewer district may be 
formed by resolution of the county 
commissioners upon receipt of a peti- 
tion signed by the owners of more than 
10 per cent of the area. This is called a 
‘*main sewer district’’ and it provides 
trunk sewers and treatment facilities 
only. ‘The original boundary may be 
tentative and may be changed at a 
later date by written requests of prop- 
erty owners at a formal hearing. Upon 
receipt of such a petition the county 
commissioners may hire engineers to 
make preliminary studies, reports and 
cost estimates. A favorable election 
is required before detailed plans and 
specifications may be prepared for con- 
struction of the sewerage facilities. If 
the election is not favorable all ex- 
penses of the project may be paid 
by issuance of no-fund warrants to 
be paid by a levy against real property 
within the district. 


Variant Methods 


A slightly different method of creat- 
ing a main sewer district can also 
be used. A petition may be presented, 
signed by more than 500 qualified 
electors residing within the proposed 
district. This method is laborious and 
is impossible of achievement in some 
areas. The first method is adapted 
to areas with scattered population and 
is usually initiated by developers. The 
second plan is suited to more densely 
populated areas. It cannot be ini- 
tiated by developers without the sup- 
port of local owners and residents. 
Financing is accomplished by issuing 
general obligation bonds of the dis- 
trict. Lateral districts are created by 
petition of the owners of more than 
50 per cent of the land within the 
proposed lateral district. These sew- 
ers are financed by main sewer district 
bonds. 

Another type of county sewer dis- 
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trict can be organized by resolution 
of the county governing body. It 
requires a petition signed by the own- 
ers of more than 51 per cent of the 
area. The county commissioners can 
create it upon receipt of the petition 
and proceed to hire professional engi- 
neers, sell bonds without an election, 
and construct the sewers. The bonds 
are county obligations which pledge 
the credit of the entire county and, 
because they are general obligation 
bonds, are easily marketed at a favor- 
able rate of interest. This type of 
district is suitable for the larger 
builders who develop an entire area. 
It is adapted to a smaller area than 
the district requiring a bond election 
to finance. The statute authorizing 
this district is based on the presump- 
tion that all sewers and treatment fa- 
cilities will be constructed by the dis- 
trict as a whole. 


Private Construction and Ownership 


Districts privately owned and con- 
structed have several distinct advan- 
tages and some disadvantages. The 
principal advantage lies in the fact 
that sewerage facilities may be pro- 
vided without public financing. If 
properly arranged, a complete sewer 
system can be developed free of bonded 
debt. Such a plan eliminates the 
need for septic tanks or other tem- 
porary facilities and earlier develop- 
ment of an area can be accomplished. 
With proper planning the initial sys- 
tem can be an integral part of an 
over-all system to be developed at a 
later date. The principal disadvan- 
tage of this plan is the limited area 
that one developer may control. If 
no over-all planning or control can 
be accomplished, several small districts 
may emerge without adequate means 
to maintain their systems. Further- 
more, when the developer sells his 
property there is usually no respon- 
sible party to take over the operation 
of the facilities. Two methods have 
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been used to insure proper mainte- 
nance. 


Private Operation 
Home Owners’ Association 


Under the first method of private 
operation a home owners’ association 
is organized and endowed with the 
power to levy and collect a mainte- 
nance fee on a monthly or other basis. 
The association is empowered with the 
authority to hire the necessary per- 
sonnel to operate the system. One 
drawback to this method has been a 
general reluctance on the part of prop- 
erty owners to pay the necessary fees. 
While the failure to pay a fee may 
result in a lien on the property, offi- 
cials in the association are usually 
unwilling to take action against their 
neighbors. Experience has also re- 
vealed an almost complete lack of in- 
terest in the system by home owners. 
Only those persons living nearest to 
the treatment plant, or those directly 
concerned by its failure, take any 
active interest. It is doubtful whether 
a public health agency could take any 
effective legal action against such an 
association. Some attorneys have of- 
fered the opinion that any action 
would have to be taken against the 
owners individually. For these rea- 
sons nearly all privately constructed 
small systems in the Kansas City area 
have been taken over by sewer dis- 
tricts which have been formed under 
the responsible charge of public offi- 
cials and maintenance charges have 
been collected as a tax. The mainte- 
nance and operation costs of these 
small systems are relatively high. 


Nonprofit Sewer Corporations 


The second method for insuring 
proper operation and maintenance of 
privately constructed systems has 
been through the organization of a 
nonprofit sewer corporation. Each 
lot owner is automatically a stock- 
holder in the corporation. The most 
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important advantage of this method 
over the first is that the corporation 
is a legal entity which ean be forced 
to maintain the system. Otherwise the 
same disadvantages occur under this 
method as under the method pre- 
viously discussed. 


Final Integration 


The most serious disadvantage of 
private ownership and operation of a 
sewerage system as a utility, however, 
is the difficulty of finally integrating 
such systems into one over-all system. 
For example, one large private system 
near Kansas City, Mo. has been fune- 
tioning satisfactorily for some time. 
As the system was enlarged, contracts 
for sewer service were entered into 
with other developers and with indi- 
vidual owners in the original system. 
The original developer has now com- 
pleted the development of the major 
part of the area tributary to the sewer 
system and is desirous of turning the 
system over to a public body. How- 
ever, since part of the system is within 
the boundaries of an incorporated city 
and the remainder outside, the system 
cannot become a city system without 
legislative action. And, because of the 
hundreds of individual contracts with 
home owners, the existing laws will 
probably have to be modified before 
a public district can be created. Total 
development of the sewered area will 
result in at least a theoretical over- 
load on the system. Because of the 
contracts in foree, enlargement of the 
facilities under a public district prob- 
ably cannot be charged against the 
district as a whole but only against 
the vacant land. This charge would, 
in all probability, be confiscatory. In 
the sales contract of each home pur- 
chaser is a clause permitting the origi- 
nal developer to give the system to the 
property owners. They must accept it 
even though there is no organization 
or official body to maintain it. Even 
this, however, is preferable to the oc- 
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casional practice of charging the costs 
of the sewerage system against the in- 
dividual lots and later selling the 
system to the home owners, which con- 
stitutes a double charge. 


Methods of Encouragement 


Role of Local Health Department 


The local health department plays 
an important role in the development 
of large sewer districts. Unfortu- 
nately large sewer districts cannot be 
created and developed simply because 
public health authorities can see a 
need for them. Developers of land 
are frequently interested only in mak- 
ing as much profit as possible and, in 
some cases, they build as cheaply as 
the governing agencies will permit. It 
is a responsibility of the health au- 
thorities to see that economies should 
not include substandard sewerage fa- 
cilities. 

The local health departments usu- 
ally discourage the construction of 
septic tanks in areas not suited for 
their use. The use of septic tanks 
must be approved by a health author- 
ity and proper inspections made before 
a Federal Housing Administration or 
Veterans Administration guaranteed 
loan may be granted for new construc- 
tion. In the case of large developments 
the local health department, in the ab- 
sence of political interference, can 
guide the developers into the use of 
adequate sewer systems by refusing to 
approve individual septic tanks. This 
procedure must be carried out object- 
ively and fairly so that private indi- 
viduals are not deprived of their rights. 
[If septic tanks are installed without the 
advice of health authorities, public 
nuisances and health hazards are sure 
to develop and there will be no ade- 
quate means to eliminate them. De- 
velopers of land, when required to do 
so, can usually find a way to con- 
struct adequate facilities. 

A second function of the local health 
department in encouraging large sewer 


April, 1956 


districts is to enforce strictly the laws 
prohibiting the discharge of sewage to 
ditches. The cooperation of the city 
or county attorney is required if this 
objective is to be accomplished effec- 
tively. This is an unpleasant duty in 
most cases but it is extremely vital. 

A third function of the local health 
department is to keep the issue of 
proper sewage disposal constantly be- 
fore the public. If it is brought to 
their attention often enough, home 
owners will be aware of the problem 
and will demand proper facilities. 
This was demonstrated by an experi- 
ence in 1948. Individual septic tanks 
in new housing developments were 
failing rapidly but neither the state 
laws nor local ordinances were ade- 
quate to prevent the building of more 
houses with septic tanks which would 
also fail. The Kansas State Board of 
Health called a public meeting to dis- 
cuss the problem. Testimony was re- 
ceived from builders and home own- 
ers. The publicity which resulted 
from this meeting literally stopped the 
buying of houses served with septic 
tanks for several months. 

The health department can also as- 
sist in the development of large sewer 
districts by collecting and disseminat- 
ing data on soil characteristics and 
septic tank performance in the area. 
Data on the cost of construction and 
maintenance of septic tanks should 
also be obtained. The facts will show 
that a large sewerage system is a 
sounder investment to the home owner 
than a septic tank system. 


Functions of a Planning Board 


The planning board, properly in- 
formed on the merits of a large sewer 
district versus individual septic tanks, 
ean be a very important influence. 
The planning board can_ require 
proper sewerage facilities before prop- 
erty is zoned for housing, industry or 
retail business. If the full coopera- 
tion of the health authorities is ob- 
tained, restrictions will be placed on 
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the use of land until sewerage facili- 
ties are available. 

A second important function of the 
local planning board is the reservation 
of easements for sewers and other 
utilities in the acceptance of plats. 
This permits orderly and economical 
development of the utilities, including 
sewers. 


Admwnistrative Action 


Local and state agencies can encour- 
age the development of large sewer 
distriets through administrative ac- 
tion such as requiring provision for 
adequate sewerage facilities before 
building permits are granted. These 
agencies can encourage over-all plan- 
ning with a minimum area laid out as 
acceptable for the development of a 
permanent sewer system. By agree- 
ment between owners, smaller districts 
can be created initially which will later 
become parts of the larger permanent 
district. Such a plan has been fol- 
lowed in Johnson County with consid- 
erable success. 


Temporary Facilities 


Temporary sewage treatment facili- 
ties under public control have been 
approved by the Kansas State Board 
of Health in certain instances to per- 
mit the initial development to take 
place. These facilities, being less than 
adequate, are intended to be replaced 
with permanent facilities as rapidly as 
the predicted rate of development will 
permit. In some cases the existing 
facilities may be heavily overloaded 
for short periods of time, with the per- 
mission of the health authorities. Such 
an arrangement permits the necessary 
increase in assessed valuations. Fur- 
thermore, since there is no doubt in the 
minds of the property owners that the 
temporary treatment facilities are not 
adequate, permanent treatment plants 
are frequently achieved promptly. 
Persons annoyed by temporary facili- 
ties are usually quite willing to vote 
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the necessary bonds for permanent 
facilities. 


Covenants 


The use of covenants binding the 
home owners to give the county com- 
missioners the right to include them 
in future sewer districts have been 
found to be effective in areas where 
septic tanks are recognized as having 
a useful life of several years. Cove- 
nants are required to be signed before 
septic tank permits are granted. Since 
these covenants are, in effect, a peti- 
tion to create a sewer district at a 
future date, the county commissioners 
are empowered to create districts and 
construct the sewers when sufficient 
valuation is available. 


Loan Value Effects 


Sewered lots have a higher loan 
value than lots served by septic tanks. 
This has influenced developers to build 
sewer systems or to organize sewer dis- 
tricts since builders meet greater sales 
resistance when they attempt to sell 
lots served by septic tanks. Compe- 
tition among developers has stimulated 
the construction of sewers extensions 
in communities where sewers were 
available to some building sites. 


Public Attitudes 


In areas served by functioning sep- 
tie tanks, it is difficult to get public 
acceptance of sewer districts with ade- 
quate facilities unless serious nuisance 


conditions develop. The added tax 
burden, coupled with the inconveni- 
ence of damaged shrubbery, lawns and 
streets during sewer laying, makes the 
conversion from individual septie tanks 
to a public sewer system difficult. 
Many property owners, whose septic 
tanks are functioning satisfactorily, 
believe that the costs exceed the bene- 
fits. Numerous public meetings, con- 
ducted by well-informed people, are 
frequently necessary before a growing 
community gains an understanding of 
its sanitary problems. 
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Service Clubs 


One of the best means of selling a 
sewer system to the home owners is 
through a recognized service club in 
the community. These clubs are us- 
ually composed of the leading citizens 
of the community and are generally 
respected. 


Publicity 


Newspaper and radio publicity can 
be used to good advantage in explain- 
ing the benefits of a sewer district. 
A series of news stories, with maps 
showing boundaries of proposed dis- 
tricts, has important benefits. Such 
maps are usually more effective than 
any number of words describing the 
area. Later, when the district has 
been formed, the maps and articles 
will show that reasonable means have 
been used to inform all who are con- 
eerned. Failure to get information 
to all persons affected may well be 
the major drawback to an otherwise 
successful campaign. 

One interesting sidelight, illustrat- 
ing the value of maps, occurred re- 
cently. The owner of a 120-acre tract 
of land had been very outspoken in his 
opposition to the creation of a sewer 
district, even going to the extent of 
hiring a lawyer. Several meetings 
were held explaining the proposed dis- 
trict to the affected property owners. 
Then a simple form was mailed to all 
property owners in the proposed area, 
enabling them to request the inclusion 
or exclusion of their land in the dis- 
trict. When the results were tabu- 
lated it was found that the owners of 
more than 90 per cent of the land 
(3,000 acres) were in favor of the plan. 
Petitions were drawn and a map was 
prepared. The land of the irate owner 
was purposely left out and was the 
only land in the watershed which was 
excluded. When the map appeared in 
the paper with a story, the owner was 
indignant that his land had been ex- 
eluded. Property values on farm land 
have risen as much as $1,000 per acre 
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sinee the district was created. The 
value of the owner’s 120-acre tract has 
increased by $120,000. 


Enforcement of Laws 


Administrative action by the State 
Board of Health and other agencies 
in strictly enforcing all laws prohibit- 
ing the discharge of sewage to ditches 
or streams will help prevent additional 
nuisances. In northeast Johnson 
County a joint policy concerning the 
use of septic tanks and temporary 
treatment plants was adopted by the 
board of county commissioners, the 
Kansas State Board of Health, and the 
Johnson County Health Department 
and has been published and given wide 
circulation. The policy has _ been 
strictly adhered to with beneficial re- 
sults. The stand taken by these three 
publie bodies has given the general 
public a better understanding of the 
problems and has provided guidelines 
to solving them. 


Technical Advisors 


For nearly 10 years sanitary engi- 
neers of the Kansas State Board of 
Health have worked with builders, 
land developers, civic groups and pub- 
lie bodies in solving the sewerage prob- 
lem in the fringe areas of Kansas City. 
They have helped to coordinate the 
efforts of individual builders in form- 
ing a few large public sewer districts 
instead of numerous small, privately- 
owned systems. They also have la- 
bored with bond officials and consult- 
ing engineers to plan sewerage sys- 
tems which could be financed. 


Successful Integration 


Bringing together several small sew- 
erage systems into one large district 
has been successfully accomplished in 
at least three large districts in this 
area. The problem is relatively sim- 
ple if the small systems were created 
initially as publie districts under an 
over-all governing body. In the first 
large district, fortunately, most of the 
small areas were organized as sewer 
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districts under the only available au- 
thorized authority, the board of county 
commissioners. These districts were 
created before the incorporation of 
cities and they follow topographical 
rather than geographical boundaries. 
At first the districts were widely scat- 
tered and created no odor or nuisance 
problems but, as the population den- 
sity increased, acute problems arose. 
Since these areas were public districts, 
the governing body rather than local 
residents had the authority to abandon 
the small treatment plants and connect 
the sewers to a main system. The costs 
of connection were borne by the small 
districts. 

In a second large district, the ex- 
isting sewerage systems were privately 
owned and operated. However, per- 
mits for their operation by the Kansas 
State Board of Health required as- 
surances of responsible operation. Ex- 
perience to date has shown that build- 
ers who must operate sewage treat- 
ment plants until the development of 


the project is complete, are glad to 
have a large district created and to 


abandon their own plants. In one 
privately sewered area the develop- 
ment is nearing completion. The prop- 
erty owners will soon be faced with 
the operation of their own treatment 
plant. A delegation of owners has 
approached county officials as a pre- 
liminary to including their system in 
a larger sewer district. The major 
problems with this system are the close 
proximity of houses to the sewage 
treatment plant and the poor response 
to requests for payment of the main- 
tenance fees. The developer has of 
necessity paid the major share of the 
operating costs and he is quite anxious 
to pass on the expense to the property 
owners. 

Sewerage systems covering small 
areas are sometimes necessary in the 
development of a community, but they 
must later be combined into a large 
public system. The small systems have 
worked very well to stimulate the con- 
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struction of sewers. They have made 
possible the use of sewers instead of 
individual septic tanks, and they have 
permitted considerable savings in 
money. The small sewerage systems 
are frequently a needed step in the 
orderly development of an area. 
Missouri 

This problem of sanitary facilities 
has been attacked in a different man- 
ner across the state line. In Missouri 
it is possible to create the district 
without petitions so that advance plan- 
ning can be done. In some areas 
where development is beginning, de- 
velopers are required to build sanitary 
sewers with due regard to tributary 
area. The sewers are paid for by the 
developer and he is given permission 
by health authorities to construct a 
temporary sewage treatment plant 
usually of the lagoon type. As each 
house is constructed the developer is 
required to pay a fixed sum to a 
trustee, usually a bank or trust com- 
pany. This sum, calculated to be the 
proportional share of the cost of a 
permanent sewage treatment plant and 
trunk sewer system to serve the entire 
district, is held until the need for a 
permanent plant is recognized and 
funds are available. If the treatment 
plant and trunk sewers are built un- 
der a bond issue, the money is subse- 
quently returned to the owner of the 
property at that time. The return of 
the money is an inducement to a 
favorable bond election. In the event 
that the location of a tract of land in 
the drainage area requires a large 
sewer to fit into the over-all plan, the 
developer may build the large sewer 
and receive credit for the extra ex- 
pense involved. This is accomplished 
by permitting the connection without 
payment into the escrow fund, of a 
sufficient number of houses to equal 
the additional cost. In some cases 
the developers may elect to retain 
ownership of the lines and sell them 
to the district at a later date. 
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Florida has been ealled, in addition 
to more glamorous titles, the ‘‘septic 
tank state.’’ That this somewhat du- 
bious honor was well earned cannot 
be denied. Prior to 1946 there were, 
by estimate, about 250,000 homes in 
Florida served by septic tanks and 
individual drain fields. Since 1946, 
the Florida State Board of Health 
has cleared septic tank inspection 
forms on about 12,000 federally in- 
sured homes per year. Sanitary fa- 
cilities for homes financed by conven- 
tional loans are not subject to review 
at the state level, and these probably 
equal or exceed in number those that 
are reviewed. Thus, by the end of 
1955 the number of individual septic 
tanks in Florida will probably exceed 
500,000. 

Prior to 1946, subdivisions were de- 
veloped by real estate promoters and 
homes were built at the request of 
individual lot purchasers. This re- 
sulted in a gradual build-up of houses 
from a condition of a few houses scat- 
tered over many lots to a moderate 
density and thence to a density ap- 
proaching urban proportions of a 
house on every lot. This process might 
take years to accomplish, and public 
sanitary facilities were difficult to fi- 
nance due to the lean years of scat- 
tered connections. In contrast, since 
1946 the development of Florida has 
been by speculative homebuilders who 
sell houses instead of lots. Having 
acquired a promising location, the de- 
veloper lays out the required facilities 
and then either proceeds to build 
houses on practically every lot or he 
sells groups of lots to other builders 
who, in turn, build houses on every 
lot. It is not unusual to see 100 or 
more houses on adjacent 70-ft. front- 
age lots in various stages of construc- 
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tion simultaneously. As a result, pres- 
ent subdivisions spring full grown 
from flat pine woods or pasture land 
into a densely populated urban devel- 
opment. 

Prior to about 1948 Florida, along 
with most of the other states, con- 
tinued to try to apply rural sanitary 
devices to urban developments. Un- 
fortunately even the best soils can 
become saturated, and when the houses 
were occupied and the rains came mass 
failures of subsurface drain fields oc- 
curred. Failures occurred even on 
supposedly high dry land and since 
the majority of the population of 
Florida lives within 25 ft. of sea level 
high dry land is rapidly becoming a 
rarity. 


Suburban Facilities 


Under the impetus of the failures 
that occurred in the normally wet 
summers of 1948 and 1949, faced with 
an unprecedented population growth 
that is now estimated to be at the rate 
of approximately 1,800 families per 
week, and in the absence of any gov- 
ernmental unit prepared to assume re- 
sponsibility for sanitary facilities in 
suburban developments, the Florida 
State Board of Health turned to the 
promotion of privately owned com- 
munity water and sewerage facilities. 
The Federal insuring agencies re- 
quested a professional opinion of sani- 
tary facilities by the state board of 
health before they would insure the 
home loans in any given subdivision. 
Except for small developments or de- 
velopments with exceptionally superior 
soil characteristics the state board of 
health has recommended public water 
supplies and public sewerage systems. 

As a result, more than 100 subdi- 
visions in Florida are now served by 
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FIGURE 1.—A mechanical aeration activated sludge sewage treatment plant serving a 
subdivision in Southern Florida. 


privately owned public water supplies 
and public sewerage systems. These 


facilities, including a sewage treatment 


plant, are financed through enhanced 
value of the lot connected thereto and 
through monthly charges for both wa- 
ter and sewerage service. Privately 
owned systems at present vary in size 
from those serving fewer than 50 
houses to extensive facilities designed 
to ultimately serve 10,000 houses. Sew- 
age treatment facilities vary from 
simple septic tanks and sand filters, or 
Imhoff tanks with or without second- 
ary treatment, to large activated sludge 
treatment plants (Figure 1). 

The Florida State Board of Health 
holds no illusions that multiple pub- 
lie sewage facilities are the ideal so- 
lution to the suburban development 
problem. Every sewage treatment 
plant creates its own operational prob- 
lems, and the type of residential de- 
velopment now being experienced 
leads to the development of many in- 
dependent sewer systems, each with 
its own treatment plant. These devel- 
opments are created by individuals 
and the inevitable personality conflicts 
and sharp dealings between develop- 


ers result in situations that do not 
serve the public interest to the best 
advantage. For example, one devel- 
oper needed a right-of-way for an out- 
fall line through another development 
and in return, for a price, he offered 
to allow the second development to con- 
nect to his sewerage system. In the 
course of the bargaining that ensued, 
both sides became impatient. The first 
developer secured an easement through 
adjacent property and promptly 
tripled the price for connection to 
his system, and the second developer 
declared he wouldn’t do business with 
the other at any price. The result is 
two sewage treatment plants within 
sight of each other with twice as many 
operational problems. Fortunately 
both facilities are doing a good job. 
The state board of health has no valid 
complaint, but the public in the long 
run will pay both bills for the dupli- 
eation of facilities. 

A more serious handicap is that 
each sewage treatment plant requires, 
or should require, a suitable buffer 
zone surrounding the treatment units. 
Occupied buildings should be pro- 
hibited in this zone. Consequently, 
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multiple treatment plants are wasteful 
of desirable property, and it is always 
a temptation to the developer to en- 
croach on the buffer zone. Houses are 
constructed too close to the treatment 
structures and when that inevitable 
occasional upset occurs in the treat- 
ment processes, there is a deluge of 
odor complaints and the developer may 
find himself faced with injunction 
suits. However, the ever swelling tide 
of people moving to Florida continues 
and 1,800 families must have new 
houses every week. The difficulties 
and complaints connected with sewage 
treatment plant operation are far less 
serious than the alternative difficulties 
and complaints resulting from indi- 
vidual septic tank and drain field 
failures. 

The author is fully convinced that 
public health officials in general and 
sanitary engineers in particular are 
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guilty of permitting and perpetrating 
a gross misappropriation of a reason- 
ably satisfactory device for the dis- 
posal of sewage in rural areas by at- 
tempting to apply the septic tank 
and drain field to urban developments. 
The rule of expediency has again be- 
trayed us. Having been persuaded 
that desirable facilities are unobtain- 
able, all available ingenuity has been 
applied to adapt an admittedly poor 
expedient as a substitute. The un- 
fortunate victim is the homeowner 
who confidently purchases the property 
on the assurance of approval by public 
health authorities. 

Nor is the Florida approach the 
whole answer. Lacking the authority 
of legislation permitting uniform con- 
trol of sanitary facilities in real estate 
developments, one-half of the home- 
builders are told that septic tanks are 
not satisfactory while the other half 


FIGURE 2.—A patented circular Imhoff tank (left) and high-rate trickling filter (right). 
Secondary clarifier and recirculation pump are to the right out of the picture. 
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TABLE I.—Summary of Fringe-Area Sewerage Systems in Florida 


Range of Design Pop. 
Location 
County 


Types of Treatment Devices Used 


Primary 


Imhoff 
Tank 


Bay 550 
Broward 424-7,000 
Collier 214 
Dade 500-3,500 
Duval 126-2,100 
Escambia 
Highlands 
Hillsborough 
Manatee 
Orange 

Palm Beach 
Pinellas 


Total 


| # 


‘One primary clarifier is a patented circular Imhoff tank. 
* Later construction calls for conversion of the Imhoff tank to a sludge digester; addition of 


activated sludge. 


* One installation includes oxidation pond for polishing. 
‘Septic tank and sand filters to serve only 1 to 2 years until municipal treatment plant is 


complete and sewers extended. 


5 At one plant a patented circular Imhoff tank will be converted to a digester; separate 
clarifiers and high-rate trickling filters added preceding a sand filter. 

* Six Imhoff tanks are patented circular tanks. 

’ Four trickling filter treatment plants are standard-rate with dosing siphons, the others are 


high-rate filters with recirculation. 


* A contact aeration, secondary treatment process. 
® An Imhoff tank and chlorination followed by oxidation pond for first-stage construction. 


(Not yet under construction.) 


” Three Imhoff tanks are of the patented circular type. 
"To be converted to sludge drying beds in later stages of development. 


" Trickling filters are high-rate type. 


8 Tmhoff tank is a patented circular tank. Filters are high-rate type. 
‘4 One patented circular Imhoff tank and a high-rate trickling filter. One Imhoff tank and 


chlorination. 


6 Individual septic tank and underground sand filter for each home. 
‘6 Four patented circular Imhoff tanks with high-rate trickling filters. 


are continuing to install septic tanks 
in the same type of developments un- 
der state board of health septic tank 
regulations. Public health agencies 
should take a clear unequivocal stand 
against the use of individual septic 
tanks and drain fields in any situation 
where the density of housing ap- 
proaches that of urban developments. 
[f the soil is satisfactory otherwise, the 
deciding eriteria should be the number 
of houses per acre and not the number 
of acres involved. Admittedly, such 


a stand will not be popular with de- 
velopers, and developers have power- 
ful political influence, but the public 
trust has been betrayed when economic 
expediency is permitted to rule in 
favor of any sanitary device which is 
known to be less than satisfactory for 
the intended use. 


Costs and Installations 


For subdivisions of 300 houses or 
more, there is little question on the 
feasibility of a sewer system. When 


his 
| 
Secondary 
4 s Septi Sand | Trick Act. 
1,750-14,000| — 3 7 1 
214 1} — | — 
1,900-35,000/ | 2° 2 3 8 
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437-17,500 | — 
350-1,440 | — au fe 
156-2,600 ps] gis 4 1 
73 7 | 34 | | 10 43 10 
| 
| 


SEWAGE AND INDUSTRIAL WASTES 


April, 1956 


FIGURE 3.—Completely enclosed primary clarification and separate sludge digestion 
sewage treatment plant designed to serve a fringe-area population of 2,450. Note proxim- 


ity of residence (left). 


one considers that a septic tank and 
drain field installation in Florida costs 
more than $100; that the value of 
homes served by public sewerage can 
be enhanced $200 or more; and that a 
sewer rental charge of $2.00 to $2.50 
per month will more than pay op- 
erating costs; it becomes obvious that 
a sewerage system costing approxi- 
mately $300 to $400 per house is not 
only feasible but is a paying propo- 
sition. Actual contract costs of com- 
plete sewerage systems, including 
either a trickling filter or activated 
sludge treatment, constructed in 
Florida within the last five years have 
varied from $320 per house for a sub- 
division of 125 houses to as little as 
$161 per house for a subdivision of 
1,200 houses. Most systems for large 
developments are constructed in 
stages. Unfortunately the costs of 
the initial stages are frequently mis- 
leading due to the fact that items, 
such as the piping system, are sized 
for ultimate capacity but may be 
charged to the initial development. 


Many ingenious schemes have been 
developed to achieve stage construc- 
tion of sewage treatment facilities. 
Final clarifiers or chlorine contact 
chambers may be used initially as 
septic tanks. Sludge drying beds 
may serve the first few houses as sand 
filters and circular Imhoff tanks, es- 
pecially the patented tank known lo- 
cally as the ‘‘Spirahoff’’ * (Figure 2), 
ean later be converted into digesters. 
Dual clarifiers used initially as pri- 
mary and secondary clarifiers can be 
converted later to parallel primary 
clarifier units. Intermittent trickling 
filters with low initial B.O.D. loadings 
are later converted to continuously op- 
erated high-rate trickling filters. 

Table 1 summarizes the subdivision 
sewerage systems constructed in 
Florida fringe-areas within the past 
five years. Satellite subdivisions dis- 
charging to either another subdivision 
or to a city system have been omitted. 
These systems have separate sewage 


* Manufactured by Yeomans Brothers Co. 
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treatment facilities and many are very 
attractively designed (Figure 3). 


Conclusion 


With regard to operation, admitting 
that more sewage treatment plants cre- 
ate more problems, in general the sub- 
division treatment plants have rated 
equal to or better than comparable 
sized city plants. As a matter of fact, 
the owners of the larger privately 
owned treatment plants, realizing the 
necessity for good maintenance to pro- 
tect their investment and unfettered 
by some of the limitations on salaries 
imposed by cities, are employing the 
better operators from the municipal 
facilities. 


For the academie year 1954-55 there 
were 141 degrees awarded to graduates 
from undergraduate sanitary engineering 
eourses. This was a decrease from 1954 
when 164 degrees were awarded. All but 
12 of the 44 colleges and universities re- 
porting the availability of undergraduate 
sanitary engineering courses had graduates. 
There were an additional four colleges re- 
porting courses available in 1954-55. Due 
to a decrease in the number of graduates 
during the last two years, the average 
number of graduates per year for the last 
5-year period (1950-54) was 225 compared 
with 242 reported for 1949-53. 

Master’s degrees in sanitary engineering 


* From ‘‘Master’s and Doctor’s Degrees 
in Sanitary Engineering for the Academic 
Year 1954—-55’’ and ‘‘Graduates from Under- 
graduate Sanitary Engineering Courses for 
the Academie Year 1954-55’’ by A. P. Miller, 
USPHS, Washington, D. C. 


SANITARY ENGINEERING DEGREES—1955 * 
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The Florida State Board of Health 
does not consider the privately owned 
sewerage system as the best answer to 
the fringe-area problem in Florida. 
Recent state legislation permitting 
counties to enter this field of pub- 
lie service offers some hope for a 
satisfactory solution to the problem. 
Responsible governmental leaders, 
however, must be prepared to offer a 
constructive program of metropolitan 
water and sewerage systems. Until 
then, the privately owned and oper- 
ated public sewerage facility offers 
a method whereby Florida can con- 
tinue to grow without being engulfed 
in a sea of septic sewage. 


were granted to 132 candidates in 1955; 34 
of these were netionals of foreign countries. 
Of the 53 institutions reporting the avail- 
ability of graduate work in sanitary engi- 
neering at this level, 33 (or 63 per cent) 
had graduates. The number of such de- 
grees granted in 1954 was 120 (25 foreign 
nationals) and in 1953 the number of de- 
grees was 102 (20 foreign nationals). This 
indicates a moderate increase in graduate 
work. The average number of master’s 
degrees conferred per year for the previous 
5-year period (1950-54) was 125. 

Nine of the 10 doctor’s degrees conferred 
for the academic year 1954-55 by five in- 
stitutions were to nationals of the United 
States. Twenty-five other universities of- 
fering work at this level had no successful 
candidates. In the previous 5-year period 
(1950-54) the average number of doctor’s 
degrees conferred per year was 6.8. 

The data presented are tentative. 
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Zehnpfennig and Nichols (1), in an 
attempt to obtain a B.O.D. test which 
was not influenced by the protozoa 
present in sewage, developed a 2-day 
test procedure which gave reproduci- 
bility that was considerably better 
than that of the standard 5-day B.O.D. 
test. They suggested that this im- 
proved reproducibility was probably 
due to the removal of the protozoa and 
to the preparation of an inoculum 
containing a preponderance of bacteria 
which would oxidize sewage. The im- 
proved reproducibility of the 2-day 
B.0.D. test was confirmed by Tidwell 
and Sorrels (2), but they were unable 
to agree that the prepared inoculum 
contained more bacteria capable of 
oxidizing sewage. Just what causes 
the improved reproducibility is still 
unknown. 

Since the rate of completion of the 
normal B.O.D. reaction is established, 
it is essential to know how well the 
results of this 2-day B.O.D. test com- 
pare with calculated theoretical results 
for known substrates. Zehnpfennig 
and Nichols gave some data of this 
type but did not describe the method 
by which they obtained the results 
cited. Moreover, their table of results 
contained one unfortunate reversal of 
values which made the interpretation 
difficult. They also used three sub- 
strates for which no exact oxygen de- 
mand could be calculated. 

The belief that this was an area of 
study that should be expanded, 
prompted the work described herein. 

* Present address: Department of Biologi 


eal Sciences, San Jose State College, San 
Jose, Calif. 


COMPARATIVE EVALUATION OF SPECIAL 2-DAY 
AND STANDARD 5-DAY B.O.D. TESTS 


By L. * anp J. H. Sorrews 


Assistant Research Bacteriologist and Research Engineer, respectively, Texas Engineering 
Experiment Station, Texas A. & M. College System, College Station, Texas 


In addition, a series of analyses on raw 
sewage, using both the special 2-day 
and the routine 5-day tests, are de- 
scribed and discussed. 


Known Substrate Studies 


On a series of different days, sam- 
ples of raw sewage were collected at 
the sewage treatment plant of the Texas 
A. & M. College. These samples were 
allowed to settle for four hours at 5° 
C. and the supernatants siphoned off. 
A 100-ml. aliquot was placed in a 250- 
ml. flask and autoclaved. When this 
had cooled, an aliquot of the raw sew- 
age supernatant was filtered through a 
fine-pore, sintered glass filter to remove 
the protozoa. One milliliter of this 
filtrate was used to inoculate the sterile 
sewage. This was incubated for 24 hr. 
at 37° C. One milliliter portions of 
the non-sterile sewage were used to in- 
oculate a series of B.O.D. bottles con- 
taining dilutions of known substrates 
ealeulated to give approximately 50 
per cent depletion. After incubation, 
the inoculated, sterilized sewage was 
used to inoculate a similar, second se- 
ries of B.O.D. bottles. 

In all determinations, sterile B.O.D. 
bottles, sterile substrates, and sterile 
dilution water were used. The bottles 
inoculated with the protozoa-free sew- 
age were incubated for two days at 20° 
C. The series inoculated with raw sew- 
age supernatant were incubated for five 
days. Initial dilution water blanks, 
final dilution water blanks, and final 
blanks containing the inocula, but 
with no substrate, were run on each 
determination. The oxygen depletion 
was then determined by subtracting 
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TABLE I.—Comparison of 2-Day and 5-Day 
B.O.D. Readings with Theoretical Valves 
Using 1,000 p.p.m. of Asparagine 
as the Substrate 


Per Cent Error 


B.O.D. (p.p.m,) from Theoretical 


2-Day! 5-Day? 


266 362 
270 395 
283 359 
277 350 
289 367 
282 359 
285 373 
281 330 
244 329 
286 370 
275 299 
289 392 
284 480 
295 370 
287 372 
266 387 
282 390 
266 317 ‘ 
227 390 15.9 
277 414 2.6 
295 339 9.3 


! Theoretical B.O.D. 270 p.p.m. 
? Theoretical B.O.D. 496 p.p.m. 


the value of the dissolved oxygen of 
the bottles containing the complete 
system from the value of the dissolved 
oxygen of the bottles containing only 
the inocula. Only those runs showing 
between 40 per cent and 70 per cent 
depletion were recorded. Complete re- 
sults, using asparagine as the. sub- 
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strate, are presented in Table I. A 
summary of the data obtained with all 
three substrates is given in Table II. 


Comparison of 2-Day and 5-Day 
Sewage Analyses 


Since there are other criteria for 
sewage strength, a series of samples 
were tested to determine the B.O.D., 
by both the standard 5-day and special 
2-day procedures. In addition, the 
settleable solids, fixed solids, volatile 
solids and total solids were determined 
for each sample. 

Two 100-ml. portions of sewage col- 
lected at the sewage treatment plant 
were removed, without allowing any 
settling, to flasks and sterilized by 
autoclaving. When cooled, one flask 
was inoculated with 1 ml. of raw sew- 
age filtered through a fine-pore, sin- 
tered glass filter. This flask was then 
placed in the 20° C. ineubator for 
24 hr. The other standard tests were 
made on the remainder of the raw 
sewage. After the 24-hr. incubation 
period the special 2-day B.O.D. test 
was setup using the uninoculated, ster- 
ile sewage as the substrate and 1 ml. 
of the protozoa-free sewage as the in- 
oculum. Sterile B.O.D. bottles and 
sterile dilution water also were used 
with the special 2-day test. In both 
the 2-day and 5-day B.O.D. determi- 
nations, duplicate bottles of at least 
three dilutions of sewage were used, 
ineluding routine controls. Only those 


TABLE II.—Comparison of Observed and Calculated 2-Day and 5-Day B.O.D. 
Using Substrates of Known Composition 


Substrate 


Asparagine Glutamic Acid 


Concentration (p.p.m.) 

C.O.D., calculated (p.p.m.) 

5-Day B.O.D., calculated (p.p.m.) 
Mean 5-day B.O.D., observed (p.p.m.) 
Mean per cent error, 5-day B.O.D. 
2-Day B.O.D., calculated (p.p.m.) 
Mean 2-day B.O.D., observed (p.p.m.) 
Mean per cent error, 2-day B.O.D. 


1,000 
730 
496 
369" 

25.6! 
270 
276 

5.3} 


750 
735 
503 
369? 
26.6* 
272 
2862 
6.3? 


1 Mean of 21 determinations. 
2 Mean of 11 determinations. 
3 Mean of 5 determinations. 


mu | | 5-Day 
27.0 
2 20.4 
3 27.6 
4 29.4 
5 26.0 
6 27.6 
7 24.8 
8 33.5 
9 33.7 
10 25.4 
ll 39.7 
12 21.0 
13 3.2 
14 25.4 
15 25.0 
16 22.0 
17 21.4 
18 36.1 
19 21.4 
20 16.5 
21 31.7 : 
Glucose 
700 
747 
511 
402° 
21.38 
276 
270° 
10.9 


ppM 


160 


81 OCHEM., OXYGEN DEMAND 


SEWAGE AND INDUSTRIAL WASTES 


April, 1956 


CALCULATED 5-DAY 


3204 
A \/ OBSERVED 5-DAY 
2404 


OBSERVED 2-DAY 


determinations showing between 40 per 
cent ond 70 per cent depletion were 
recorded. 

From the results, little or no cor- 
relation could be shown between any 
of the solids determinations and either 
of the B.O.D. readings. In general, 
high solids determinations were paral- 
leled by high B.O.D. values, but there 
were marked exceptions over the en- 
tire scale covered. 

The observed B.O.D. readings are 
shown in Figure 1 together with a 
ealeulated 5-day B.O.D. curve, ob- 
tained by multiplying the readings 
from 2-day B.O.D. test by 1.85 (de- 
rived by dividing 68.4 per cent by 
37.0 per cent). The samples have been 
arranged so that the 5-day B.O.D. 
readings are in ascending order to 
facilitate easier interpretation. 


Discussion 


From the results shown in Tables 
I and II, it is apparent that, with 


16 
SAMPLE NO. 


FIGURE 1.—Observed 2-day and 5-day B.O.D. readings obtained on a series of sewage 
samples, together with a calculated 5-day curve derived from the 2-day readings. 


20° 22°24 ~26 28 30 32 34 


the sewage used as an inoculum, the 
special 2-day B.O.D. test was consid- 
erably better than the 5-day B.O.D. 
test. With the three substrates stud- 
ied, the approximate mean percentage 
error of the 2-day B.O.D. test was 5 
to 10 per cent, while that of the 5-day 
B.O.D. test was 20 to 25 per cent. 
The results of the comparative 2-day 
and 5-day B.O.D. analyses made on 
raw sewage (Figure 1) show that the 
two readings agreed fairly well in only 
about one-half of the analyses. With 
the remainder of the samples, the 5-day 
B.O.D. values as caleulated from the 
2-day B.O.D. values, are consistently 
much greater than the observed 5-day 
B.O.D. values. Even with those read- 
ings that show fair agreement, the 
ealeulated 5-day B.O.D. value is usu- 
ally higher than the observed 5-day 
B.O.D. value. This agreement can be 
explained by one of three means: (a) 
that both readings are grossly in error, 
(b) that the observed 2-day B.O.D. 
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value is too high, or (c) that the ob- 
served 5-day B.O.D. value is too low. 

From the studies run with known 
substrates, it is the opinion of the 
authors that (a) could not be correct, 
that (b) may be involved, but only 
to a limited extent, and that (¢) must 
be the primary explanation for those 
samples where there was wide disagree- 
ment between readings. This opinion 
is based on the fact that in the known- 
substrate studies the 2-day B.O.D. 
readings were not grossly in error but 
were usually slightly higher than the 
theoretical values, while the 5-day 
B.O.D. readings were consistently 
lower than the theoretical readings and 
usually markedly so. 


Conclusions 


With the sewage used here as an 
inoculum, the 2-day B.O.D. technique 
of Zehnpfennig and Nichols (1) 
proved to be superior to the routine 
5-day B.O.D. test with substrates of 
known composition. Furthermore, the 
2-day B.O.D. test probably gave more 
nearly correct values when used for 
the routine analyses of raw sewage 
samples. 

It is interesting to speculate whether 
or not this 2-day B.O.D. test would 
give better data with other sewages 
than the routine 5-day B.O.D. test. 
Certainly such a result is suggested 
by the work of Sawyer (3) on pri- 
mary standards for B.O.D. work where 
sewage samples from various locations 
in Massachusetts were used as seed in 
obtaining an observed 5-day B.O.D. 
value for standard solutions of glu- 
cose and glutamic acid. Of nine 


sources listed, five samples gave values 
which were considered ‘‘abnormal or 


1. Zehnpfennig, R., and Nichols, M. §8., ‘‘In- 
oculation Studies in B.O.D. Determi- 
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Waste.’’ THis JouRNAL, 25, 1, 61 
(Jan., 1953). 


2. Tidwell, W. L., and Sorrels, J. H., ‘‘ Effeet 
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beyond the range of experimental 
error.’’ It is suggested that such sew- 
ages not be used as a source of seeding 
material. The sewage used in the 
studies performed by the authors would 
also be considered ‘‘abnormal’’ by 
Sawyer’s standards and yet it, as well 
as other ‘‘abnormal’’ sewages, must be 
used as the inoculum in making rou- 
tine sewage treatment plant analyses. 
It would be interesting to know how 
closely studies with other abnormal 
sewages would compare with the data 
given here. It may be that other sew- 
ages also would give better results with 
the 2-day B.O.D. technique of Zehn- 
pfennig and Nichols (1). 


Summary 


Observed B.O.D. values versus cal- 
culated values gave mean percentage 
errors of 5 to 10 per cent for the 2-day 
B.0.D. tests and of 20 to 25 per cent 
(Table Il) for the 5-day B.O.D. tests. 

A series of raw sewage samples were 
also analyzed for solids and B.O.D., 
using both the standard 5-day and the 
special 2-day B.O.D. procedures. Little 
or no correlation could be shown be- 
tween any of the solids determinations 
and either of the B.O.D. readings. The 
two B.O.D. readings agreed fairly well 
in approximately one-half of the sam- 
ples tested, while with the remainder 
the observed 5-day B.O.D. value was 
much lower than anticipated from the 
2-day B.O.D. readings. 
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RADIOACTIVE ABS IN ACTIVATED SLUDGE SEWAGE 
TREATMENT * 


By House B. A. FrRIEs 


California Research Corporation, Richmond, Calif. 


The fate of synthetic detergents 
(syndets) in sewage treatment is of 
interest from the standpoint of their 
effect on the operation of sewage 
plants and possible contamination of 
receiving waters. Deleterious effects 
reported in the literature were re- 
viewed by Haney et al. in 1954 (1). 
The most frequent complaint of sewage 
treatment plant operators is that de- 
tergents cause undesirable foam in ac- 
tivated sludge secondary treatment. 
Also, detergents have been reported to 
interfere with primary sedimentation 
and anaerobic digestion of sludge. 
Lynch and Sawyer (2) suggest that 
increased oxygen requirements noted 
at some secondary sewage treatment 
plants may have been caused by the 
presence of syndets. Their suggestion 
is based on results of a laboratory in- 
vestigation of oxygen transfer in tap 
water using various commercial house- 
hold products. Degens et al. (3) re- 
port that alkylbenzenesulfonate at con- 
centrations greater than 7 p.p.m. inter- 
feres with the oxidation of sewage in a 
pilot-size activated sludge plant by re- 
ducing oxygen absorption. The major 
complaint concerning detergents in 
water contamination is that they some- 
times interfere with water purification 
procedures and cause taste and odor 
problems in drinking water. It has 
also been suggested that detergents in 
receiving waters may have toxic effects 
on fish. 

Commercial household washing prod- 
ucts are the main source of syndets in 


 * Presented at 1955 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York City, N. Y.; Jan. 18-20, 1956. 
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sewage treatment plants. The deter- 
gent is not consumed during the wash- 
ing process, although it ‘may be par- 
tially inactivated as a surfactant by 
adsorption on or reaction with the soil 
which is removed during washing. 
Consequently, almost all the syndets 
used in households served by sewage 
treatment plants enter the sewers and 
are carried into the plants. Accord- 
ing to Price, (4) two billion pounds of 
syndets (80 per cent of the total 1954 
production) were used in household 
products during 1954, the remainder 
being used for industrial purposes. 
Alkylarylsulfonates, chiefly ABS (al- 
kylbenzenesulfonates derived from 
tetrapropylene), were the main type of 
syndet used in household products in 
1954 and comprised 56 per cent of the 
total syndet production (about 1.12 
billion pounds). The remaining 44 
per cent was composed of many dif- 
ferent types of syndets, alkyl sulfates 
being the principal type (about 320,- 
000,000 Ib. or 16 per cent of the total). 

The type and amount of syndet in 
any particular household washing 
product may vary from time to time, 
depending on the requirements of the 
manufacturer. However, most light 
duty and heavy duty washing products 
contain ABS. Total syndet concen- 
tration in these products is generally 
in the range of 15 to 35 per cent, and 
in many the entire active ingredient 
is ABS. Therefore, the fate of ABS 
in sewage treatment is of prime in- 
terest in determining the effect of syn- 
dets on sewage treatment and water 
contamination. 
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Degens et al. (3)(5), Keefer (6) 
and several other authors (1) have re- 
ported various degrees of disappear- 
ance of anionic surface active agents 
in secondary sewage treatment. In 
addition, Bogan and Sawyer (7) (8) 
report laboratory results which show 
that ABS in activated sludge has a 
biochemical oxygen demand (B.0.D.) 
which is considerably lower than that 
of alkylsulfate and ordinary sewage. 
Both Degens et al. (3) and Bogan and 
Sawyer (7) state that an appreciable 
fraction of the ABS initially present 
in sewage can be expected to remain in 
the effluent from secondary treatment. 

The present investigation was car- 
ried out in order to obtain additional 
information regarding the interaction 
of ABS in activated sludge secondary 
sewage treatment. Due to the very 
low concentrations of ABS in receiv- 
ing waters and sewage influent and 
effluent, the usual colorimetric meth- 
ods in determining the presence of 
syndets are often unsatisfactory as a 
result of appreciable interference from 
natural products. By combining the 
use of radioactive ABS with extractive 
procedures designed to separate any 
unchanged sulfonate from non-surface 
active fragments formed during deg- 
radative oxidation, an unequivocal 
method of tracing the passage of ABS 
through a sewage treatment process 
was developed. The technique was ap- 
plied to a small activated sludge type 
sewage treatment plant, as well as to a 
limited laboratory investigation of ac- 
tivated sludge secondary treatment. 

The results of these treatment plant 
studies revealed that: 


1. Secondary treatment destroyed 80 
to 90 per cent of the ABS entering the 
small sewage treatment plant. The 
ABS was oxidized primarily to inor- 
ganic sulfate. 

2. Both the ABS and the settled sew- 
age were oxidized to about the same 
degree by the activated sludge treat- 
ment. 
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The results of laboratory studies 
showed that: 


1. Oxidation of ABS was dependent 
on the dissolved oxygen content of the 
mixed liquor and an appreciable frac- 
tion of the ABS was oxidized in all 
eases at high aeration rates. 

2. The fraction of ABS oxidized 
varied noticeably in several activated 
sludge samples taken from one sewage 
treatment plant on different days. 

3. The ABS oxidizing ability of ae- 
tivated sludge appears to be directly 
related to the presence or absence of 
ABS in the waste fed during the pre- 
ceding several days. 

4. The fraction of ABS oxidized is 
not affected by the concentration of 
ABS in amounts less than about 25 
p.p.m. 

5. Concentrations of ABS higher 
than are normally encountered in sew- 
age did not noticeably interfere with 
oxidation of the sewage. The same re- 
sult was obtained in combination with 
detergent builders ordinarily present 
in commercial detergents. 

6. A synthetic sewage containing no 
ABS was observed to foam consider- 
ably more than a natural sewage con- 
taining 2 to 4 p.p.m. ABS under the 
same aeration conditions. This indi- 
eates that natural products formed or 
released during oxidation with acti- 
vated sludge are sometimes responsible 
for excess foam in sewage treatment 
plants. 

Details of the investigation are dis- 
eussed in the following sections, and 
descriptions of experimental tech- 
niques are given in the Appendix. 


Plant-Scale Test 


The sewage treatment plant chosen 
for test purposes is owned by the Paci- 
fic Gas and Electric Company, and 
serves about 17 homes at their Kettle- 
man compressor station near Avenal, 
Calif. Nonresident employees also use 
this facility so that the total number 
of persons served throughout a 24-hr. 
period varies from about 80 to 150 
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TABLE I.—Kettleman Sewage Treatment 

Plant, Tank Volumes and Retention Times 

Unit Volume Retention 
(gal.) Time 

Primary 940 1.5! 

Secondary aerator 9,850 15.7! 

Secondary clarifier 1,215 1.5! 

Anaerobic digester 10,000 6-10" 

* Hours. 

* Months. 


The rated capacity of the treatment 
plant is 15,000 g.p.d. and the average 
daily flow is 8,000 to 10,000 gal. The 
plant is a ‘‘package-type’’ mechanical 
aeration activated sludge unit with 
unit retention times as given in 
Table I. 

In this experiment, ABS tagged 
with radioactive sulfur-35 was fed into 
the sewage treatment plant continu- 
ously over a period of several days. 
Samples of effluent were collected dur- 
ing this period, as well as for about a 
week after stopping the addition of 
tagged sulfonate. The total tagged 
sulfonate solution, containing about 
five millicuries of sulfur-35 in 4 g. of 
ABS, was diluted to about 20 1., and 
added to the influent raw sewage 
at the comminutor. The added ABS 
was less than one per cent of that nor- 
mally present in the sewage, and was 
introduced through a rubber tube 
using a Sigmamotor pump during a 
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FIGURE 1.—Plant-scale test flow rate and 
feed of radioactive ABS. 
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10-day period. The solids and liquid 
layers in the digester were sampled at 
the end of the experiment. Effluent 
samples were analyzed for radioactive 
ABS, as well as total anionic surface 
active agent. In addition, effluent 
samples taken near the end of the 
tagged sulfonate addition were an- 
alyzed for total radioactivity and in- 
organic sulfur radioactivity. The di- 
gester samples were analyzed for total 
radioactivity to determine how much 
of the tagged sulfonate ended up in 
the digester. 

The continuous addition method was 
employed, rather than a single injec- 
tion method, to prevent erroneous re- 
sults due to incomplete adsorption and 
exchange of radioactively tagged ABS 
with untagged ABS in the sludge sol- 
ids. This adsorption effect might mask 
the results from a single injection of 
tracer, but with continuous feed a 
steady state condition should be ap- 
proached. The concentration of tagged 
ABS in the effluent was compared to 
the estimated concentration in the in- 
fluent to determine the fraction of 
ABS which was discharged from the 
treatment plant. 

A graphical description of the test 
in terms of flow rate in the treatment 
plant and feed rate of radioactive sul- 
fonate solution added at the comminu- 
tor in the primary tank is shown in 
Figure 1. The concentrations of in- 
itial radioactivity calculated from 
these data are compared with those 
actually measured in extracted ABS 
from effluent samples (Figure 2). Ad- 
dition of tagged sulfonate solution was 
suspended during the interval from 
29 hr. to 47 hr. because the effluent line 
became plugged, resulting in abnormal 
plant operation during this period. 
During the interval from 145 hr. to 
169 hr., a pump breakdown caused 
siphoning of a large amount of tagged 
sulfonate solution at an unknown rate. 
The final portion of tracer (6.2 xX 10* 
counts per second) was added all at 
once when the pump was again placed 
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in operation. Table II contains a sum- 
mary of the analytical data with ref- 
erence to radioactivity and total ani- 
onie surfactant. 

Significant features noted from these 
results are: 


1. Within 1.5 to 2 hr. after the in- 
itial introduction of radioactivity ap- 
proximately 3 to 5 per cent of the cal- 
culated radioactivity appeared in an 
effluent sample as ABS. This might 
be due to ‘‘short cireuiting’’ in a con- 
tinuous flow reactor of this type. 

2. During the period from 50 hr. to 
140 hr., when the treatment plant was 
operating normally and radioactive 
sulfonate solution was being fed at a 
uniform rate, 7 to 10 per cent of the 
caleulated radioactivity concentration 
was found in the ABS extracted from 
effluent samples. 

3. The total ABS radioactivity leav- 
ing the sewage treatment plant in the 
effluent water throughout the entire 
experiment was estimated by integrat- 
ing the area under the curve for sec- 
ondary effluent radioactivity (Figure 
3). Using a daily average flow of 
8,700 g.p.d., the effluent radioactivity 
was found to be 11 to 12 per cent of 
the total radioactivity added during 


FIGURE 2.—Radioactivity of treatment plant influent and effluent. 


the experiment (5.8 x 10° counts per 
second compared with 5.0 x 10° counts 
per second, total). 

4. Radioactivity in the solids from 
the digester was analyzed by: (a) 
direct counting of dried solids; (b) 
counting of barium sulfate obtained 
from combustion of the solids; and 
(c) eounting ABS-methylene blue 
complex obtained by the regular 
CHCl,-MBC1 extraction of an aqueous 
solution obtained from evaporation of 
an alcohol extract of the solids. 

The portions of the total radioactiv- 
ity found in the digester solids by 
these procedures were, respectively, 
3.2, 1.2 and 0.4 per cent. These per- 
centages were calculated on the as- 
sumption that the insoluble digester 
solids obtained in the bottom 600 gal. 
of the digester represented about one- 
half of the total insoluble solids pres- 
ent in the digester. Therefore, the 
digester appeared to contain approxi- 
mately 2 per cent or less of the total 
radioactivity in its insoluble solids and 
less than 1 per cent in soluble form. 

5. Near the end of the addition of 
tagged ABS, a few effluent samples 
were analyzed for total radioactivity 
by counting dried solids. The radio- 
activity contained in precipitated bar- 
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Sample Elapsed 
- Time 
(hr.) 
Source No. 
Secondary effluent 1 1.6 
2 22.6 
3 47.0 
4 49.5 
5 53.3 
6 70.2 
7 73.5 
8 94.5 
9 118.5 
10 142.2 
ll 145.2 
12 165.4 
13 169.0 
14 173.0 
15 189.9 
16 191.0 
17 191.8 
18 | 192.5 
19 193.1 
20 194.0 
21 194.8 
22 195.4 
23 196.1 
24 197.1 
25 | 245 
26 317 
27 365 
28 386.5 
Primary tank 29 22.6 
30 49.5 
31 70.2 
32 | 142.2 
33 145.2 
34 165.4 
35 169.0 
Supernatant liquor 36 | 386.5 
Filtrate from slurry of bottom 
600 gal. of digester sludge 37 387 
Secondary effi. blend* 38 
Solids from slurry of bottom 600 
gal. of digester sludge 39 | 387 


3 Sulfur-35 Sulfi ioni 
| Activity im | Activity ta. 
ABS! Precipitated 
(c./see./gal.) (c./sec./gal.)| (c. > 
3.2 1.1 
3.4 0.7 
2.5 1.3 
14 
3.4 1.5 
4.2 1.2 
3.9 0.8 
4.7 0.7 
4.6 0.8 
0.6 
0.8 
13.0 0.9 
16.0 0.9 
15.0 1.5 
8.7 1.0 
9.9 1.0 
10.0 0.7 
9.8 1.2 
9.3 12 
9.1 1.2 
9.7 13 
9.8 1.2 
8.8 1.4 
8.1 1.5 
3.5 23.5 17 
0.8 14 
0.5 2.3 
0.6 3.3 
20.0 4.9 
22.0 16.9 
41.0 2.2 
30.0 4.5 
25.0 11.3 
36.0 23 
11.0 22.8 
2.0 
4.4 2.5 29 
9.4 52 1.3 
17.8 47 


during the same period. 
® Determined by the colorimetric method. 
3 Samples No. 19, 21, 22 and 23. 


ium sulfate, following oxidation in a 
neutral solution with hydrogen perox- 
ide, was also counted, thus measuring 
the radioactive inorganic sulfur com- 
pounds. The purpose of these tests 


was to obtain a material balance and 
to what extent the 


ABS 


determine 


' Average initial activity in the sewage for the first 140 hr. was about 60 counts per second per 
gallon (c./sec./gal.) compared to an average of about four c./sec./gal. found in ABS in the effluent 


was oxidized to inorganic sulfur com- 
pounds. In a sample obtained after 
about 195 hr. of test, the radioactivity 
as ABS was about 10 per cent of the 
total radioactivity recovered from the 
evaporated solution and about 15 per 
cent of the sum of the radioactivity 
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found as ABS and as inorganic sul- 
fur compounds. In a sample taken 
after 245 hr. of test, the radioactivity 
as ABS was about 15 per cent of the 
total radioactivity. 

6. No detectable radioactivity was 
found in the small amount of solids 
obtained by filtration of secondary 
effluent samples. This indicated very 
little retention of radioactive com- 
pounds in the activated sludge solids. 


Because almost 12 per cent of the 
total radioactivity was recovered in 
ABS extracted from effluent samples 
and less than 3 to 4 per cent was found 
in the digester, the remaining 84 to 86 
per cent of the radioactivity was either 
lost as a gaseous byproduct or was 
present in the effluent as a sulfur com- 
pound other than ABS. On the basis 
of the analysis of effluent samples 
taken shortly after halting the addi- 
tion of tagged ABS, the radioactivity 
as inorganic sulfur, either sulfate or 
compounds oxidizable to sulfate by 
hydrogen peroxide, was 85 to 90 per 
cent of the total radioactivity. If this 
quantity prevailed throughout the en- 
tire experiment, then 80 to 100 per cent 
of the total radioactivity is accounted 
for. The results strongly suggest that 
about 85 to 90 per cent of the ABS is 
oxidized to give inorganic sulfur com- 
pounds. The sewage treatment plant 
was operating at only moderate effi- 
cient (70 to 75 per cent) removal of 
sewage organic matter. The effluent 
B.O.D. was 50 to 60 p.p.m. compared 
with a normal raw sewage of about 
200 p.p.m. Apparently ABS was be- 
ing attacked with about the same or 
slightly higher efficiency than the 
oxidizable sewage. 


Laboratory Investigation 


The objective of the laboratory in- 
vestigation was to test further the 
ability of organisms in activated sludge 
to decompose ABS. This is of special 
interest because the plant-scale test 
showed that only a small amount of 
sulfonate was removed in the primary 
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settled solids and that secondary treat- 
ment was the principal means of de- 
stroying sulfonate. 

The laboratory tests were conducted 
by mixing the settled solids from the 
activated sludge sample with the ap- 
propriate amount of settled raw sew- 
age, and immediately adding the radio- 
active sulfonate solution. This mix- 
ture was subsequently aerated for the 
desired period of time. Activated 
sludge and settled sewage was obtained 
from nearby municipal sewage treat- 
ment plants. Synthetic sewage was 
made up according to the formula of 
Weinberger (9). In most of the ex- 
periments, the activated sludge was 
settled to remove the supernatant 
liquid and then stored overnight at 
33° F. The settled sewage was either 
used immediately or stored overnight 
at 33° F. A quantity of sludge was 
chosen to give a 30-min. settleable sol- 
ids value of 100 to 120 ml. for 500 ml. 
of mixed liquor in a 500-ml. graduate. 
A comparison of the oxidizing power 
of samples containing 50, 100 and 160 
ml. of settleable solids revealed 8-hr. 
sulfonate decompositions of 32, 40 and 
40 per cent, respectively, indicating 
that small variations in settleable sol- 
ids above 100 ml. would not have a 
noticeable effect on sulfonate decom- 
position. Reproducibility of the test 
was good, as shown by duplicate ex- 
periments carried out with samples of 
the same sludge and sewage mixture at 
the same aeration rates. The two runs 
gave 41 and 42 per cent sulfonate de- 
composition, respectively. 


Aeration 


Unlike the plant-scale test, where the 
operating conditions were fixed by the 
requirements and physical equipment 
of the treatment plant, it was neces- 
sary in the laboratory experiments to 
establish the effects of aeration vari- 
ables on the activity of the activated 
sludge. Figure 3 shows the variation 
in D.O. content at different constant 
aeration rates throughout an 8-hr. aer- 
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FIGURE 3.—Variations in D.O. content 
at different aeration rates during an 8-hr. 
aeration period. 


ation period. A general pattern of in- 
creasing dissolved oxygen with time 
may be noted. This is in agreement 
with the concept of decreased utiliza- 
tion of oxygen by the sludge as the 
sewage concentration decreases. An 
indication of the different aeration 
requirements for different size batches 
and reactors is shown in Figure 4. 


Oxidation of Sewage and Sulfonate 


The aeration rate (as measured by 


the 30-min. D.O. value) had econsider- 
—- 


2 8 
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FIGURE 4.—Variations in aeration re- 
quirements for different size laboratory 
aeration units. 
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able effect on the reduction in sewage 
organic matter and decomposition of 
tagged ABS during the 8-hr. aeration 
period as shown in Figure 5. In the 
case of sewage, the degree of oxidation 
increases greatly with the aeration rate 
up to a breakpoint rate of about 2 
p.p.m. of dissolved oxygen (30-min. 
value). Above this rate the curve 
levels off and is only slightly affected 
by further aeration rate increases. In 
the case of ABS, a steady increase in 
decomposition is observed with increas- 
ing 30-min. D.O. values up to the point 
of oxygen saturation. The magnitude 
of sulfonate decomposition varied con- 
siderably from one batch of activated 
sludge to another, but the increase in 
decomposition with aeration was ob- 
served in all cases. Conceivably, a 
sample of sludge which was efficient 
at oxidizing sulfonate might produce 
80 or 90 per cent decomposition at low 
aeration rates and yield a curve simi- 
lar to that shown for sewage oxidation. 
Generally, the 8-hr. oxidation of sul- 
fonate was never comparable to that 
of sewage except at high aeration rates. 

Variation in sewage oxidation with 
various samples of sludge was consid- 
erably less than that observed with 
sulfonate. Five different sludge sam- 
ples each gave 8-hr. B.O.D. reductions 
of 78, 92, 87, 86 and 85 per cent when 
aerated above the breakpoint rate. 
The decomposition of sewage and sul- 
fonate with time is shown in Figure 6 
for a sample of sludge having a rela- 
tively high capacity for decomposing 
ABS. All samples were taken during 
a run in which aeration was sufficient 
to give a 30-min. D.O. value of about 
5 p.p.m. The principal difference ap- 
pears to be that the sulfonate is oxi- 
dized at approximately a constant rate 
throughout the 8-hr. period; whereas, 
sewage is oxidized most rapidly during 
the first 2 hr. 


Day-to-Day Variation in Sludge 


Activated sludge samples collected 
from a particular treatment plant 
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varied from day to day in their ability 
to oxidize ABS (Figure 5). This 
might be due to day-to-day differences 
in the sewage fed to the activated 
sludge or variations in the condition- 
ing of the sludge due to the presence 
or absence of sulfonate in the sewage. 

In an experiment using identical 
activated sludge and sewage samples, 
the decomposition of sulfonate was 
compared in the presence of initial 
concentrations of sulfonate of 1 to 4 
p.p.m. and 21 to 24 p.p.m. Within ex- 
perimental error, the per cent decom- 
position of sulfonate was unaltered by 
the presence of the larger amount of 
sulfonate (76 per cent compared with 
75 per cent). 

Because the sulfonate content of 
sewage may vary considerably from 
day to day, the presence or absence of 
sulfonate during previous feedings 
might affect the ability of the activated 
sludge to oxidize sulfonate. Accord- 
ingly, in three separate experiments, 
the activated sludge was fed sewage 
containing added sulfonate for seven 
days (Table III). Synthetic sewage 
was used in order to assure the com- 
plete absence of sulfonate in the con- 
trol. In two out of three cases the 
activated sludge exhibited an appreci- 
able increase in its ability to decom- 
pose sulfonate after being fed for 
seven days with sewage containing 
5 p.p.m. sulfonate. In the one case 
tested, the absence of sulfonate in the 
sewage apparently caused an appre- 
ciable reduction in the sulfonate de- 


TABLE IIl.—Effect of Feeding Activated Sludge 
for Seven Days on Synthetic Sewage with 
and without Added ABS 


8-Hr. Sulfonate 


Aeration 
ABS in Rate | Decomposition (7%) 
Test No. 2-Hr. 
P.p.m. 
Start of End of 
| Feeding 


1 5 29 

2 5 6.9 64 56 
3 5 6.4 38 89 
4 (nil) 6.4 89 21 
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FIGURE 5.—Effect of aeration rates on 
the oxidation of ABS and sewage. 


composing capacity of the activated 
sludge. 

The above results are insufficient to 
establish all of the variables which may 
affect the day-to-day character of acti- 
vated sludge in a particular treatment 
plant. However, the continued pres- 
ence or absence of ABS in the sewage 
appears to be of some importance in 
determining the capacity of the acti- 
vated sludge for decomposing sulfon- 
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FIGURE 6.—Oxidation of sewage and 
ABS for various aeration periods. 
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ate. On the other hand, the ability 
of the activated sludge to oxidize the 
same per cent sulfonate when the in- 
itial concentration of sulfonate is 
raised by a factor of five to ten (from 
about 2 to 4 p.p.m. to 22 to 24 p.p.m.) 
is surprising. Further investigation 
of this feature is needed to clarify 
the situation. 

It was noted in connection with the 
origin of foam in secondary sewage 
treatment, that activated sludge sam- 
ples, which were fed for a week on 
synthetic sewage containing no sul- 
fonate or other synthetic detergent, 
developed a considerably greater quan- 
tity of foam than sludge fed on natu- 
ral sewage containing 2 to 4 p.p.m. 
sulfonate. This would seem to support 
the hypothesis that foam may be 
partly caused by natural products 
formed or released in the secondary 
treatment of sewage. 


Products of the Oxidation of Sulfonate 

Samples taken near the end of the 
plant-seale test contained radioactive 
inorganic sulfur compounds in ap- 
proximately the correct amount to ac- 
count for the missing sulfonate. These 
results indicated that the sulfonate 
molecule had been completely oxidized. 
However, in the laboratory experi- 
ments only trace amounts of inorganic 
sulfur compounds were found after 8 
hr. of oxidation, but a few per cent 
of the initial radioactivity was de- 
tected in this form after aerating the 
mixture for 24 hr. 

Experimental apparatus for con- 
tinuous sewage treatment was set up 
in the laboratory to simulate the op- 
eration of the plant-scale test and to 
determine if the longer retention times 
inherent in this type of treatment 
caused the oxidation to proceed fur- 
ther. Refrigerated sewage was fed 
continuously at such a rate that the 
average retention time in the unit was 
about 15 hr. After two days the 
amount of sulfonate decomposed was 
constant at 45 to 50 per cent, and 
after about three days the amount of 
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inorganic sulfur compounds formed 
leveled off at about 5 to 7 per cent. 
The aeration rate was relatively low 
in this experiment, and it is possible 
that higher aeration rates would con- 
vert more of the oxidized sulfonate to 
inorganic sulfur compounds. 

Passing the exhaust air from a batch 
experiment through a caustic solution 
revealed that no radioactivity was lost 
as volatile acids during the aeration. 
However, upon evaporating the solu- 
tion remaining after extraction of the 
sulfonate, only a portion of the miss- 
ing radioactivity was recovered; as 
much as 50 per cent being lost in some 
eases. Perhaps the volatile oxidation 
products containing sulfur were lost 
during the evaporation of the water to 
obtain a dry residue which could be 
counted (see Appendix). If this were 
true, then a direct count on the solu- 
tion before heating should locate the 
missing radioactivity. Two samples 
counted directly in this manner with a 
liquid scintillation counter gave ma- 
terial balances of 91 and 94 per cent. 
It is, therefore, apparent that in the 
laboratory experiments the sulfonate 
molecule is only partially oxidized; 
and in some cases, a volatile product 
containing sulfur is formed which is 
lost during evaporation. 


Oxidation at Marginal Aeration 

From the curve of sewage oxidation 
versus aeration rate shown in Figure 
5, it is apparent that aeration rates 
which yield a 2-hr. D.O. value of 


about 2 p.p.m. are marginal. That is, 
any factor causing a reduced D.O. 
content, such as reduced oxygen trans- 
fer, reduces the sewage oxidation effi- 
ciency, as measured by the reduction 
of the B.O.D. in 8 hr. 

Experiments were carried out un- 
der these marginal aeration conditions 
with and without added ABS to deter- 
mine if an activated sludge system 
operating at marginal aeration is ad- 
versely affected by ABS in concentra- 
tions and in formulations which might 
be encountered in actual practice. The 
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TABLE IV.—Effect of Added ABS on Sewage Oxidation 
by Activated Sludge at Marginal Aeration 


f Added Product Total at B. O. D. Reduction. (%) 

Unit (p.p.m.) 1.5 Hr. 4 Hr. 8 Hr. 
1 None 0 os 2.1 220 — 82 
2 None 0 2.2 210 84 
3 None 0 2.1 210 SO. 
1 Control 0 2.4 1.9 185 33 59 81 
2 ABS 5 2.4 18 190 36 57 77 
3 ABS 15 2.4 1.9 195 33 57 76 
1 Control 0 3.4 1.9 210 36 57 81 
2 Formula No. 1 25 3.4 2.0 220 36 59 84 
3 Formula No. 1 75 3.4 1.9 235 38 60 85 
l Control 0 27 1.9 190 33 53 82 
2 Formula No. 2 25 2.7 1.9 195 33 54 80 
3 Formula No. 2 75 a7 2.0 200 29 53 79 


! Methylene blue extraction method. 


Detergent Formulations Used in Test 


Tallow — Sodium Sodium : Lauric 
Sodium : Sodium Lauryl 
Alcohol Tripoly To- Isopropanol 

Formula | ABS (%) Sulfate Phosphate | phosphate 
(%) (%) (%) (%) 

No.1 | 10 10 23 30 20 5 0 2 

No.2 | 17 0 25 30 20 5 3 0 


experiments utilized three 2,500-ml. 
glass aeration units; the same acti- 
vated sludge and sewage was used in 
each unit for a set of three experi- 
ments. A control run was carried out 
in the first aeration unit in each case. 
The mix was stirred for about 5 sec. 
every 15 min. to prevent the sludge 
from settling. 

Results of these experiments (Table 
IV) revealed that there is very little, 
if any, detrimental effect exerted by 
the sulfonate at concentrations close 
to those used in practice. In addition, 
phosphate detergent builders, such as 
those used in some heavy duty com- 
mercial detergents, showed no adverse 
effects. 


Summary and Conclusions 


1. By combining the use of radio- 
active ABS with extractive procedures 
designed to separate any unchanged 


sulfonate from fragments formed dur- 
ing degradative oxidation, an un- 
equivocal method of tracing the pas- 
sage of ABS through a sewage treat- 
ment process was developed. The tech- 
nique was applied to a small activated 
sludge sewage treatment plant, as well 
as to a limited laboratory investiga- 
tion of activated sludge secondary 
treatment. 

2. During a 10-day test in the small 
sewage treatment plant, 80 to 90 per 
cent of the sulfonate was removed by 
the secondary treatment, the main 
product apparently being inorganic 
sulfur compounds, probably sulfate. 
Only traces of sulfonate or sulfur con- 
taining oxidation products were found 
in the anaerobic digester, indicating 
that secondary treatment was the prin- 
cipal method for removing the sul- 
fonate from the sewage. 

3. In laboratory experiments, acti- 
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vated sludge from a particular sewage 
treatment plant was found to vary 
considerably from day to day in its 
capacity for oxidizing ABS. The abil- 
ity of the sludge in this respect was 
almost directly dependent upon the 
aeration rate, as measured by the 30- 
min. D.O. content of the mixed liquor. 
At low aeration rates, sulfonate re- 
moval of sludge samples varied from 
about 2 to 30 per cent compared to 
about 30 to 90 per cent removal at 
high aeration rates. On the other 
hand, sewage oxidation, as measured 
by B.O.D. reduction, became almost 
constant at aeration rates greater than 
those required to produce a 30-min. 
D.O. content of 2 p.p.m. In this aera- 
tion range the observed sewage oxida- 
tion was as low as 78 per cent. 

4. The ability of activated sludge 
to decompose the sulfonate can be re- 
duced appreciably by prolonged feed- 
ing with synthetic sewage containing 
no sulfonate and can be increased by 
the continued addition of 5 p.p.m. sul- 
fonate to the sewage feed. Therefore, 
it is likely that the concentration of 
ABS present in the sewage may have 
some effect on the capacity of the 
sludge. The addition of 20 p.p.m. sul- 
fonate to natural sewage containing 
1 to 4 p.p.m. sulfonate did not alter 
the percentage reduction in sulfonate 
during 8 hr. of treatment with acti- 
vated sludge. 

5. In laboratory tests, none of the 
sulfonate was oxidized to inorganic 
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sulfur in 8 hr., although a small per- 
centage was formed in 24 hr. Some 
volatile sulfur compounds were formed, 
as indicated by their removal during 
evaporation of the aqueous sample in 
the laboratory. 

6. Concentrations of ABS greater 
than those normally encountered in 
normal sewage treatment practice were 
found to exert no noticeable detrimen- 
tal effect on sewage oxidation at margi- 
nal aeration rates. This result was 
obtained with the sulfonate alone and 
in combination with detergent build- 
ers common in commercial heavy duty 
detergents. 


Further investigation is necessary, 
but it seems clear that activated 
sludge secondary treatment can, un- 
der some circumstances, remove most 
of the ABS present in normal sewage. 
The conditions necessary to maintain 
a sludge capable of high efficiency in 
this respect are still to be determined ; 
however, a high D.O. concentration in 
the mixed liquor is known to promote 
increased oxidation of the sulfonate. 
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APPENDIX—RESEARCH TECHNIQUES 


Preparation of Radioactive ABS 


Alkylbenzenesulfonate containing 
sulfur-35 was prepared by a modifica- 
tion of the procedure of Meader and 
Fries (10). Twenty per cent radiosul- 
fur oleum was used to sulfonate the 
alkylbenzene (Oronite Alkane) in the 
presence of excess alkylate. The acid 
mixture was then dissolved in ethyl 
ether and extracted with three portions 


of 2N HCl to remove all sulfate (11) 
(12). After removal of the ether by 
evaporation, the sulfonic acid residue 
was heated for 15 min. on a steam 
plate to remove water and HCl. The 
sample was then dissolved in 70 per 
cent alcohol and neutralized with 0.5N 
NaOH. Removal of oil was then car- 
ried out by isopentane extraction of 
the ethanol solution. 
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Plant-Scale Test 
Flow Measurement 


Flow through the sewage treatment 
plant takes place by overflow from one 
unit to the next so that influent and 
effluent flow are equal. A recorder 
automatically registers the flow at the 
effluent weir. The flow rates shown 
in Figure 2 were obtained by averag- 
ing out small variations in the flow 
records. The records spot 
checked by means of periodic direct 
measurements of flow rates at the efflu- 
ent weir. 


Sampling 


Secondary effluent samples were 
taken at the effluent weir, and primary 
tank samples were obtained at the side 
nearest the overflow to the aeration 
tank. The digester was emptied of 
most of the solids a few days before 
the experiment and again seven days 
after the last addition of radioactive 
solution. The supernatant liquid at 
the top of the digester was sampled at 
the same time and found to contain 
only a small amount of solids. 


Analytical Procedures 


Separation of ABS from Other Sulfur 
Containing Compounds 


Make up a 3-l. sample containing 
0.5N H.SO, and 6 p.p.m. methylene 
blue chloride. Shake thoroughly for 
2 min. in the presence of 100 ml. of 
CHCl, in a 4-1. separatory funnel. 
Settle for 5 to 10 min., withdraw the 
CHCl, and cuff layers, and reseparate 
in a 250-ml. separator funnel if neces- 
sary. Add 2 mg. of nonradioactive 
ABS to the separated aqueous layer 
and repeat the extraction twice more 
using 80 ml. of CHCl, each time. The 
methylene blue concentration must be 
replenished in the aqueous layer if 
most of the blue color disappears due 
to high ABS concentrations. Wash 
the combined CHCl, extracts with 25 
ml. of 04N H,SO, and wash the H,SO, 
solution with 10 ml. of CHC1,. 
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Analysis of Extracted ABS for Radio- 

activity 

Add a weighed amount (about 100 
mg.) of powdered chareoal (Norit A) 
to the final CHCl, solution and evapo- 
rate the mixture on a steam plate to a 
volume of about 25 ml. Add 25 ml. 
of ethanol and evaporate to 10 to 15 
ml. Add 25 ml. of water and evapo- 
rate to about 5 ml., stirring the mix- 
ture during the evaporation to facili- 
tate the adsorption of the ABS-methyl- 
ene blue product on the carbon. 
Transfer the slurry onto an aluminum 
sample disk contained in a ‘“‘plate- 
maker.’’ (The details of sample plate 
preparation are described by Calvin 
et al. [13]). Evaporate the slurry to 
dryness using agitation to produce a 
uniform plate. Weigh the tared sam- 
ple plate plus sample to determine the 
sample weight and count using a mica 
end-window Geiger counter. From the 
sample weight and area of the plate, 
calculate the surface density and cor- 
rect the count rate for self-absorption 
obtained from a graph of self-absorp- 
tion correction versus surface density. 
Caleulate the total radioactivity in the 
sample by multiplying the corrected 
count rate by the ratio of weight of 
total carbon plus ABS-methylene blue 
to the weight of sample on the plate. 


Accuracy 


The extraction method was found to 
give 90 to 100 per cent recovery of 
radioactive tagged ABS. The stand- 
ard deviation of sample counting was 
+ 5 per cent. 


Laboratory Tests 
Reactors and Aeration 


Batches containing samples of 2- to 
3-1. were run in glass turboreactors 
which were stirred for only 5 see. 
every 15 min., just sufficient to pre- 
vent settling of the sludge solids. 
Small batches (100 to 200 ml.) were 
tested in 250-ml. graduates, and inter- 
mediate batches (800 ml.) in 1-1. 


| 
2 


504 


graduates. Samples were aerated by 
pumping air through coarse sintered 
glass-tipped bubbler tubes. Air was 
pumped either by glass syringes actu- 
ated by a variable speed motor or by 
pumping through rubber tubing using 
a Sigmamotor pump. With the syringe 
pump it was possible to obtain flow 
rates reproducible within about 5 per 
cent. In the case of the Sigmamotor 
pump, about 10 per cent variation was 
found using the same size tubing. 


Test Procedure 


The activated sludge was obtained 
from a municipal sewage treatment 
plant and used within a few hours or 
settled and stored overnight at 33° F. 
The settled activated sludge solids 
were mixed with the sewage at the 
start of the experiment and the tagged 
sulfonate was then added and aera- 
tion started. To each sample that was 
taken, 0.5 ml. of 40 per cent formalde- 
hyde solution was added per 100 ml. 
of sample to halt bacterial action. 

The sludge solids were separated 
from the solution by vacuum filtration 
using 500 mg. of Celite filter aid per 
100 ml. of solution in order to achieve 
rapid filtration. Five milligrams of 
nonradioactive sulfonate were added 
before filtration, and approximately 
one-third of the total sulfonate was ad- 
sorbed on the filter cake. The radio- 
activity on the filter cake was shown 
to be essentially all sulfonate by the 
fact that only 3 per cent of the 89 
per cent of the radioactivity recov- 
ered by alcoholic extraction of the 
filter cake was lost during subsequent 
extraction with ether from aqueous 
HCl solution. 


Separation of ABS from Other Sulfur 
Compounds 


For the laboratory investigation, an 
improved analytical method was used. 
Extraction with ethyl ether from aque- 
ous HCl solution was employed to sep- 
arate the ABS from any lower molec- 
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ular weight sulfonate fragments or 
inorganic sulfur compounds formed 
by oxidation of the sulfonate. 

Transfer the filtrate from the sam- 
ple to a 500-ml. separatory funnel and 
acidify with 10 ml. of 12N HCl. Ex- 
tract three times with 50-ml. portions 
of ethyl ether and wash the combined 
ether extracts thoroughly with two to 
three 20-ml. portions of 2N HCl. 

In the cases where analysis for 
radioactive inorganic sulfur is desired, 
add about 0.2 g. of Na,SO, to the 
combined aqueous phase, and after 
heating in the presence of bromine 
water to oxidize all inorganic sulfur 
to sulfate add 10 ml. of 10 per cent 
BaCl, solution slowly to the boiling 
solution to precipitate BaSQ,. 


Preparation of Samples for Counting 
Ether Extract 


Transfer the ether extract to a tared, 
250-ml. beaker containing about 150 
mg. of powdered carbon (Norit A) and 
evaporate to dryness on a steam plate. 
Moisten the carbon residue with about 
10 ml. of acetone, then add 15 ml. 
of water and swirl to contact all of 
the carbon with the solvent. Evaporate 
to dryness on the steam plate, cool and 
weigh. Grind the carbon in a mortar 
and store in a stoppered vial. 


Sludge-Celite Filter Cake 


Dry the filter cake at 110° C. (about 
1 hr.), cool and weigh. Grind the dry 
sample to a powder in a mortar and 
store in a stoppered vial. 


Barium Sulfate Precipitate 


Filter the precipitated BaSO, under 
vacuum through Whatman No. 2 filter 
paper on a 3.5 em. Bitumen crucible 
and wash thoroughly with hot water. 
Dry the sample at 110 to 140° C., 
powder the dry precipitate on a piece 
of glazed paper with a spatula, and 
store in a stoppered vial. 
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Plate Making and Counting 
Plate Holder 


Two plate holders are used, one for 
the carbon and Celite samples and the 
other for the BaSO, samples. These 
holders consist of disks machined from 
brass or steel with flat depressions of 
the appropriate depth for holding the 
powdered sample to be counted. Disk 
diameter is 114 in. with the diameter 
of the depression being 1 in. The disks 
are \-in. thick and depths of the 
depressions are 0.025 in. and 0.012 in., 
respectively. The deeper disk holds 
about 75 mg. of carbon and 150 mg. 
of Celite, and the shallow disk holds 
about 180 mg. of BaSO,. Because 
these samples are all above the point 
of ‘‘infinite thickness’’ for self-absorp- 
tion of the sulfur-35 beta rays, small 
variations in weight of sample do not 
affect the count obtained, and it is 
not necessary to determine the weight 
of each plate. 


Plate Making 


For the carbon sample, place about 
100 mg. of sample on the deep plate 
holder and spread the carbon uni- 
formly with the side of a straight, 
glass stirring rod until the depression 
is completely covered. Then carefully 
scrape the side of the stirring rod 
across the plate holder with the rod 
touching the shoulder of the plate 
holder in order to leave a flat surface 
of carbon, level with the shoulder. 

To form a plate from Celite or 
BaSO,, work the sample uniformly 
into the depression with the flat end of 
a small spatula and obtain a level sur- 
face by sliding the spatula back and 
forth over the surface, using the 
shoulder of the plate holder as a guide. 
The deep plate holder should be used 


1. Haney, P. D., et al., ‘‘ Characteristics 

and Effects of Synthetic Detergents.’’ 
(Task Group Report), Jour. Amer. 
Water Works Assn., 46, 8, 751 (1954). 


ABS AND ACTIVATED SLUDGE 


References 


for Celite samples and the shallow one 
for BaSO,,. 
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Reserve of the U. S. Public Health Service. 

The Commissioned Reserve is being ex- 
panded to increase the readiness of the na- 
tion to meet the unusual public health de- 
mands of national emergencies. The USPHS 
is interested in encouraging greater par- 
ticipation in the program by professional 
groups. In the event of national emer- 
gencies, the Commissioned Reserve would 
have the opportunity of serving in the eca- 
pacities for which their professional train- 
ing and experience have fitted them. 

The Reserve officers will be called for 
emergency duty to reinforce the staffs of 
official state and local health agencies and 
to augment the Publie Health Service op- 
erating staff. Commissioned reserve offi- 
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cers would not be called to emergency ac- 
tive duty, with the exception of volunteers, 
unless the situation is publicly recognized 
as requiring action. 

Expansion of the Commissioned Reserve 
began approximately 18 months ago, since 
then field training courses and other activ- 
ities for reserve officers have been in- 
stituted. Advance sanitary engineering 
training courses at the Sanitary Engineer- 
ing Center have been planned for reserve 
sanitary engineering officers during June, 
1956. Other training opportunities for re- 
serve personnel will continue to be made 
available. 

Inquiries concerning the Inactive Reserve 
should be addressed to the Surgeon Gen- 
eral, Public Health Service, U. S. Depart- 
ment of Health, Education and Welfare, 
Washington 25, D. C., or to the nearest 
regional office of the Publie Health Service. 
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PETRO-CHEMICAL WASTE TREATMENT PROBLEMS * 


By G. E. Montes, D. L. ALLEN, AND Epwarp B. SHOWELL 


Respectively, Chief Technologist and Senior Technologist, National Petro-Chemicals Corp., 
Tuscola, Ill., and Consultant, Chadds Ford, Pa. 


The problems of water supply and 
waste disposal are universal. Those 
of National Petro-Chemicals Corp. at 
Tuscola, Ill. are perhaps unique in that 
water must be supplied and wastes 
treated for a diversified petro-chemi- 
eal area (Figure 1) of about $75,000,- 
000 investment, utilizing a river which 
at times has almost zero natural flow. 
National Petro-Chemicals Corp. pro- 
duces butane, propane, natural gaso- 
line, ethyl alcohol, ethyl chloride and 
polyethylene. Associated with the 
plant is a U. S. Industrial Chemicals 
Division ammonia plant and a sulfuric 
acid plant. 

Feed stock to the petro-chemical 
plant is 400,000,000 cu. ft. per day of 
natural gas. Liquid hydrocarbons 
from ethane to the gasoline range are 
extracted from this gas by low tem- 
perature absorption. Pyrolysis of 
ethane produces 350 tons of ethylene 
per day which comprise the feed to 
the three chemical units. The ethyl- 
ene unit is the largest single ethylene 
unit known to be in production. The 
synthetic alcohol unit is also the larg- 
est and produces about 40,000,000 gal. 
per year of 190 proof ethyl aleohol. 
Ethyl chloride production is approxi- 
mately 50,000,000 lb. per year. The 
acid plant supplies sulfurie acid used 
in the aleohol unit, and has a capacity 


* Presented at 28th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; Atlantic City, N. J.; Oct. 10-13, 
1955. 


of 450 tons per day. The ammonia 
plant is designed for 200 tons per day 
of anhydrous ammonia. 

National Petro-Chemicals Corp. is 
owned jointly by National Distillers 
Products Corp. and Panhandle East- 
ern Pipe Line Corp. Its location near 
Tuscola, Ill. was determined by the 
presence of the junction of rich and 
lean gas pipelines. High B.t.u. gas is 
blended with the plant outlet gas to 
adjust the B.t.u. level to that set by 
the Federal Power Commission. 

Location of a chemical processing 
plant ‘‘in the cornfields’’ meant that 
it must be self-sufficient for utilities. 
All steam (750,000 lb. per hour) and 
most of the electric power (up to 
12,000 kw.) are produced by facilities 
at the plant. The water is supplied 
and plant wastes are treated by the 
Industrial Water Supply Co. Fresh 
water is used at the rate of approxi- 
mately 6 m.g.d. and the waste water 
discharge is 3.25 m.g.d. The supply 
of water and disposal of waste is 
enormously complicated by location of 
the plant near the head of the Kas- 
kaskia River. This river can have an 
almost zero natural flow in the sum- 
mer, due to the fact that only about 
two per cent of the Kaskaskia River 
drainage basin is upstream from the 
plant site. To supply water in these 
periods of drought, two company owned 
wells rated at 6.4 m.g.d. discharge into 
the headwaters of the Kaskaskia River. 
This water is pumped out of the river 
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FIGURE 1.—Schematic layout of the National Petro-Chemicals Corp. facilities, 
Tuscola, 


into a reservoir 30 miles downstream. 

After the start-up of facilities in 
1953, it was found the combined waste 
stream contained 10 to 20 times more 
than the predicted amounts of B.O.D. 
material and several times the pre- 
dicted quantity of acid. The extensive 
and often hurried efforts to cope with 
this effluent and avoid river pollution 
makes an interesting history. 


Description of Wastes 


The materials presently entering the 
petro-chemical plant effluent are of 
four general types: mineral acids, ni- 
trogen compounds, oxidizable organic 
material and lubricating oils. The pH 
value of this effluent averages 2.3 
and the conductivity measures more 
than 4,300 micro-ohms. The average 
amounts of these materials are: 


SO,—160 p.p.m. 
SO,—650 p.p.m. 
Cl—190 p.p.m. 
B.O.D.—150 p.p.m. 
C.0.D.—260 p.p.m. 


The amount of lubricating oil pres- 
ent is usually small, but collection is 
aggravated by some coke carry-over 


from the ethane cracking unit. The 
nitrates and nitrites have varied and 
are presently running very low. 


t Courtesy Power and Fluids, 


Evolution of Present Treatment 


Initially the treatment facilities con- 
sisted of neutralization of the wastes 
with lime in a water clarifying unit. 
The clarified effluent was discharged 
to the river. A small Imhoff tank and 
trickling filter handled the sanitary 
wastes. 

Excessive quantities of abrasive ma- 
terial in the wastes together with its 
low pH resulted in early failure of the 
bronze lift station pumps and cement 
asbestos piping used to convey wastes 
to the clarifier. Complete failure of 
the lift station meant that wastes en- 
tered the river untreated. In addition, 
the amounts of organic material dis- 
charged to the river without treat- 
ment during start-up operations re- 
sulted in a low dissolved oxygen con- 
tent in the river. 


In-Plant Control 


Early in 1954, action was taken to 
build elaborate aeration basins and to 
chlorinate the effluent heavily. A new 
acid-brick lined lift station was built 
and acid-resistant pumps were in- 
stalled. All cement-asbestos lines were 
replaced by tile and cast iron. 

Extensive surveys of plant opera- 
tions were made to determine where 
water and process drips and drains 
could be re-used or returned to the 
process. Facilities were installed for 
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hauling spent caustic and acid sludge 
from the plant. The acid sludge is 
stored in pits and slowly reworked. 
After investigating several disposal 
systems (including an abandoned 
mine), it was planned that the spent 
caustic would be trucked to a large 
river where the high dilution com- 
pletely obscures it. In acid areas and 
neutralization pits, facilities were pro- 
vided for the addition of lime and oil 
separator boxes installed as required. 

Rinse water, from the regeneration 
of water demineralizers, and uneven 
waste flows from the process units re- 
sulted in shock loading of the neu- 
tralization facilities. In-plant cool- 
ing and settling basins of about 20 
hr. retention time were built. These 
basins with a capacity of 2,000,000 gal. 
provide for the blending of the efflu- 
ent streams and the skimming off of 
most of the floating oil. 

Careful policing of in-plant wastes 
was initiated. This consisted of regu- 
lar inspections by a committee plus 
daily analyses of waste streams from 
various units. The results of these 
improvements were to decrease the 
mineral acid load and allow a constant 
discharge of cooler, neutral waste. 
Unfortunately, the B.O.D. of the waste 
remained higher than could be toler- 
ated by the river. 


Filtration 


Studies of biological oxidation of the 
waste using an existing 22-ft. trickling 
filter showed that an 80 per cent re- 
duction in B.O.D. was possible at 
higher loadings than normally used 
when ammonium nitrate was added to 
stimulate biological growth. During 
the first test, the average B.O.D. load- 
ing was about 1.48 lb. per day per 
eubie yard of filter media and recireu- 
lation was not used. When a 2:1 re- 
cireulation to feed ratio was used, the 
average B.O.D. reduction was 90 per 
cent. The B.O.D. loading based on 
the waste flow was decreased to 0.97 lb. 
per day per cubie yard of filter media 
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since the hydraulic loading was kept 
identical to that used in the first test. 
Effluent temperature averaged 90° F. 
during these tests, hence biological 
action was accelerated. 

Oxidation Ponds 

Biological oxidation of the waste in 
test ponds was also studied. These 
ponds were seeded with sanitary sew- 
age and some sodium nitrate was 
added to stimulate algae growth. 
Neutralized effluent and neutralized, 
chlorinated and aerated effluent were 
studied. These tests showed a rapid 
decline in B.O.D. for about 8 days, 
after which the B.O.D. level stabilized 
at about 7 p.p.m. It was apparent that 
mechanical aeration and chlorination 
would not be necessary if proper bio- 
logical action could be obtained. 

Based on further confirmation of 
good biological oxidation of ponded 
effluent, full-scale ponds were con- 
structed. These ponds (Figure 2) 
cover about 42 acres and consist of a 
series of 8 ponds of varying size. 
Total capacity is 55,000,000 gal. which 
is equivalent to approximately 18 days 
of retention time. 

The ponds were put in service late 
in 1954, and operated at a low level 
to permit gravity flow to them if the 
lift station failed. After several 
months sufficient biological growth was 
produced to attain the excellent B.O.D. 
removal now experienced. The cold 
weather and short periods of daylight 
were probably the main reasons for 
the slow start. 

The oxidation ponds were beginning 
to produce satisfactory results in early 
1955. The B.O.D. reduction was about 
50 per cent in early April, 1955 after 
four months of service. By May, 75 
per cent of the B.O.D. was being re- 
moved. In June, 90 per cent of the 
B.O.D. was being removed resulting 
in an average effluent B.O.D. of 5 to 7 
p.p.m. At present the B.O.D. removal 
is 90 to 95 per cent at a loading of 
about 75 lb. of B.O.D. per acre per 
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FIGURE 2.—Oxidation ponds for waste treatment (foreground) and the 100,000,000 gal. 


water supply reservoir. 
oxidation ponds. 


day. This is somewhat higher than 
the commonly used design value of 45 
lb. of B.O.D. per acre per day, but 
will be reduced when the ponds are 
fully flooded. The D.O. content in the 
pond outfall is usually greater than 
that in the river. 

By the middle of 1955 the petro- 
chemical waste facilities were substan- 
tially completed and operating satis- 
factorily. Figure 3 shows schemati- 
eally the facilities for both industrial 
and sanitary wastes. Some neutrali- 
zation of the acid wastes is obtained 
with the waste lime sludge from the 
water treatment facilities. 

Should the lift station pumps fail, 
the effluent must be able to flow by 
gravity to the oxidation ponds. Neu- 
tralization can be done at the agitated 
contact basin during this period. The 
present 24-in. tile line to the lift station 
was laid in an emergency and has such 
a high head loss that gravity flow to the 
oxidation ponds can be accomplished 
only with the ponds at a maximum of 
60 per cent of their operating level. 
A new lift station, neutralization 
basin, and shorter sewer line are ex- 
pected to be completed in October, 
1955, to eliminate this problem and 
allow maximum use of the oxidation 
ponds. This will provide more waste 


In the background is the Kaskaskia River flowing away from the 


treatment capacity and will improve 
contact of the waste effluent with the 
lime sludge and lime for better utili- 
zation of these materials. Lime will 
still be added to the neutralization 
clarifier for pH control to produce a 
settling floc. 


River Conditions and Public Relations 


Some of the pumping difficulties 
previously described resulted in un- 
neutralized acid going to the river 
during the start-up period in 1953. 


This resulted in a fish kill which in 
most rivers would have been over- 
looked. However, the flow of the river 
was very low so the fish kill was quite 
evident. This alarmed people down- 
stream so much that they began look- 
ing for minor changes in the stream 
which otherwise might have gone un- 
noticed. Difficulty in controlling the 
pH value of the river, followed by dif- 
ficulties in keeping the D.O. content at 
a satisfactory level finally led to an in- 
junction against National Petro-Chem- 
icals Corp. At the time of the in- 
junction, construction had already com- 
menced on the in-plant cooling and 
settling basins to remove the shock 
load from the neutralization facilities. 
An aeration pit and large chlorinator 
were being installed. 
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By this time the corporation real- 
ized that it had not only a technical 
problem, but also a public relations 
problem. Many friends as well as 
critics did not realize the sums of 
money being spent in a sincere effort 
to have a clean river. The facilities 
were open for inspection by anyone 
interested, because National Petro- 
Chemicals Corp. was proud of its plant 
and what had been done. Every effort 
was made to be a good industrial citi- 
zen. Talks were presented at various 
civie clubs and many inspection trips 
of the manufacturing plant were 
arranged. 

Many people knew that the plant 
was a major economic force in the 
area, but they did not fully realize 
how important. Others knew that the 
plant had caused dislocations, but did 
not realize that, in time, most of the 
dislocations would disappear and the 
plant would help bring about steadier 
employment in the area. 

Continued efforts were made to study 
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the technical aspects of the waste treat- 
ment problem. Accordingly, several 
consultants were retained to aid in 
planning a satisfactory solution. A 
survey of the Kaskaskia River by a 
stream biologist revealed that the river 
was not a biological desert, but that 
fish were abundant and were repro- 
ducing. The question of possible tox- 
icity of the waste water was a source 
of worry to some critics. On the hasis 
of the nature of the operations, it was 
impossible to believe that toxic sub- 
stances were present in the waste. 
However, in order not to leave a stone 
unturned, a research program was 
sponsored at the Kettering Laboratory 
of the University of Cincinnati. The 
program has been in effect for over a 
year and to date, there are no indica- 
tions of any toxic substance being 
present in the water. Since the start 
of plant operations two years ago, ap- 
proximately $500,000 has been spent 
in improving the waste handling 
facilities. 
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FIGURE 3.—Flow diagram of the petro-chemical waste treatment facilities, mid-1955. 
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Summary 


A summary of experiences probably 
would be similar to those of many 
other companies: 


1. The best treatment is elimination 
of the waste at the source. This elimi- 
nation is never final because the slight- 
est relaxation of attention can lead to 
new outbreaks. 
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legal relations, but also in actual dol- 
lars and cents savings. 

3. Waste elimination must have the 
backing of every level of authority in 
the plant from the operator and the 
laboratory analyst to the top man- 
agement. 


The backing of top management and 
the hearty co-operation of all plant 


2. Many phases of waste control pay 
off not only in improved publie and 


Apr. 


Apr. 


May 23-26 


June 4-8 
June 18-22 


June 18-23, 
and 25-30 


personnel involved has produced the 
now satisfactory conditions of waste 
treatment at this petro-chemical plant. 


MEETINGS OF INTEREST 
1956 


Western Public Works Conference, Oakland, Calif. 
Chairman, John A. Morin, Engineer, Oakland, Calif. 
Ninth Municipal and Sanitary Engineering Conference, Univer- 
sity of Florida, Gainesville, Fla. Dr. E. R. Hendrickson, College 
of Engineering, University of Florida, Gainesville, Fla. Confer- 
ence theme—Atmospheric Pollution. 
1956 Industrial Health Conference, 
American Industrial Hygiene Assn. 
Annual Conference for Engineers, College of Engineering, Ohio 
State University, Columbus, Ohio. 

American Institute of Chemical Engineers, Louisiana Roosevelt 
Hotel, New Orleans, La. 

American Water Works Association Diamond Jubilee Confer- 
ence, St. Louis, Mo. Harry E. Jordan, Secretary, AWWA, 2 
Park Ave., New York 16, N. Y. 

German Engineers Association Centenary Celebration. 
Deutscher Ingenieure Prinz-Georg-Strasse 77/79, 
Germany. 

Eleventh Purdue Industrial Waste Conference, Purdue Univer- 
sity, Lafayette, Ind. Professor Don E. Bloodgood, School of 
Civil Engineering, Lafayette, Ind. 

Third Industrial Hygiene Conference, University of Texas, 
Austin, Texas. Associate Professor E. F. Gloyna, Engineering 
Building, University of Texas, Austin, Texas. 

National Society of Professional Engineers, Ambassador Hotel, 
Atlantie City, N. J. 

American Society of Civil Engineers, Knoxville, Tenn. 

Gordon Research Conference on Stream Sanitation, Kimball 
Union Academy, Meriden, N. H. Dr. W. George Parks, Director, 
Gordon Research Conferences, University of Rhode Island, 
Kingston, R. I. 

Bioxidation of Organic Wastes, Manhattan College, New York, 
N. Y. Assistant Professor W. Wesley Eckenfelder, Civil Engi- 
neering Dept., Manhattan College, New York 71, N. Y. 


General 


Philadelphia, Pa. The 


Verein 
Dusseldorf, 


512 
15-17 
17-18 
Apr. 21-27 
May 4 
2 May 6-9 
May 6-11 
May 12-15 
May 15-17 
May 19 


PRETREATMENT OF METAL-FINISHING WASTES 
AT RALEIGH, NORTH CAROLINA * 


By J. M. Roserts 
Consulting Engineer, Robert and Company Associates, Atlanta, Ga. 


With the rapid expansion of indus- 
try in the South and the growing de- 
mand for more automatic and elec- 
tronically operated equipment there is 
certain to be an increase in metal fin- 
ishing and electronic equipment man- 
ufacture throughout the Southland. 
These industries will bring with them 
the problems of disposing of metal 
finishing wastes. Although these prob- 
lems are relatively new to the South, 
there is a wealth of experience to draw 
on. It will be the responsibility of 
consulting engineers and operating 
personnel to use this knowledge to 
solve the problems that will be con- 
fronted. This paper will specifically 
diseuss the metal-finishing waste treat- 
ment plant for the Westinghouse Elec- 
tric Manufacturing Co. at Raleigh, 
N. C. which was placed in operation 
during the spring of 1954. 


Source of Waste 


In metal finishing plants the waste 
generally comes from stripping, clean- 
ing and metal plating operations. In 
the stripping operations, which are 
essentially the cleaning, rust removal 
and refinishing of metal parts, the 
waste usually consists of strong acids 
and strong alkalis. In cleaning oper- 
ations, the acids and alkalis normally 
used are sulfuric acid, hydrochloric 
acid, strong alkalis and patented or- 
ganic cleaners. Wastes from plating 
usually contain metallic ions such as 
eyanide and heavy metals. The total 
industrial waste load results from 


* Presented at 1955 Annual Meeting, North 
Carolina Sewage and Industrial Waste Assn. ; 
Winston Salem, N. C.; Nov. 14-16, 1955. 


dumping spent rinses, spent cleaning 
liquors and plating baths together with 
losses from these processes. These 
losses are from spill-over, wastage, 
drag-out of the solution and similar 
operations. 

At the Raleigh Westinghouse Plant 
the processes use nickel, cadmium, 
tin and “‘bright alloy’’ which is an 
alloy of copper, zinc and tin. The par- 
ticular operations considered are con- 
cerned with cleaning and plating the 
metal. Other processes produce the 
chromate finish on aluminum and the 
phosphate finish on iron. The plant 
manufactures watt-hour meters and 
sockets and operates on a normal two- 
shift basis. The waste is relatively 
small in volume; however, it contains 
some very toxic substances. 


Necessity of Treatment 


Substances of such toxicity will re- 
quire treatment or removal before 
being discharged into receiving bodies 
of water or a public sewer system. 
Strong acid wastes will of course dam- 
age and eventually destroy any con- 
erete pipe that might be in the sewer 
system. They will act on any exposed 
mortar in the manholes and will attack 
anything made of cement. It is true 
that alkalis are also destructive of such 
materials. Cleaning solutions and 
soaps that will produce fatty acids also 
will form a sticky floating scum on 
pipes, manholes and other structures, 
thereby eventually reducing the capac- 
ity of the system. 

Solutions of heavy metals and eya- 
nide will also affect biological sewage 
treatment processes. Most authorities 
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agree that a sewége containing 5 p.p.m. 
of chromium will kill the biological 
growth on a trickling filter. Cyanide 
will decrease the efficiency of a filter; 
however, some bacteria seem to eventu- 
ally become acclimated to cyanide and 
biological processes have been known to 
recover. If the cyanide concentration 
varies excessively there is a good pos- 
sibility of the filter being inoperative 
at least part of the time. Nickel is 
extremely toxic and only a few p.p.m. 
will destroy activated sludge as well 
as trickling filter flora. In some in- 
stances, small quantities of metals have 
apparently had a beneficial effect on 
digestion but the limit is very critical. 


Design Requirements 


The meter manufacturing plant at 
Raleigh was expected to have a con- 
tinuous flow of 40 g.p.m. of cyanide 
waste and 160 g.p.m. of other wastes 
essentially acid-alkali wastes, based 
on a 16-hr. manufacturing operation. 
The city of Raleigh had set up definite 
requirements for receiving industrial 
waste effluents. These were established 
to prevent damage to the sewage treat- 
ment plant proposed by the city for 
construction in the Crabtree Creek 
drainage area. A tabulation of these 
requirements is given in Table I. 

Nickel and cyanide are the two ele- 
ments in the Westinghouse waste re- 


TABLE I.—Concentrations of 
Industrial Wastes 


Concentration of Toxic Componenta 
(p.p.m.) 


| City of Raleigh 
Requirements 


Westinghouse 
Raw Wastes 


Cyanide 
Zine 
Cadmium 
Tin 

Nickel 
Chromium 
Iron 
Copper 
pH 


noo 


SOS 


1 Occasionally only. 
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quiring removal to meet the city of 
Raleigh requirements. By reducing 
the nickel concentration to 0.1 p.p.m. 
the other heavy metals would be re- 
duced accordingly. The complete de- 
struction of cyanide also would be 
required. On this basis the waste 
treatment plant essentially becomes a 
facility to remove nickel and cyanide. 
Of course, the adjustment of acid and 
alkaline solutions will be necessary in 
order to accomplish this. 


Pretreatment Process 


Treatment of these wastes required 
a complete separation of acid-alkali 
waste from the cyanide waste. This 
was taken into consideration during 
the design of the manufacturing plant. 
The industrial waste sewer system was 
arranged so that all waste would be 
delivered to the waste treatment plant 
through two sewers. One sewer would 
convey the acid-alkali wastes and the 
other would bring the cyanide waste. 

In order to keep acids from damag- 
ing any part of the treatment system, 
the wastes are normally neutralized at 
the treatment plant to a pH between 
8 and 9. This is sometimes done on a 
flow-through basis utilizing automatic 
lime feeding equipment. Occasionally 
when it is necessary to dump large 
quantities of acid, additional lime is 
added manually to supplement the 
automatic equipment. The operator of 
the plating room does attempt to dump 
acid and alkali waste at the same time 
in order to effect some neutralization 
to conserve chemicals at the waste 
treatment plant. After adjustment to 
this pH value, ferrous sulfate is fed to 
precipitate the metals either as hy- 
droxides or carbonates in an alkaline 
solution. 

The cyanide wastes are destroyed by 
chlorination in an alkaline solution. 
This method of destroying cyanides 
has been successfully used in recent 
years, and is generally accepted as an 
economical method. In most treat- 
ment plants the reaction is operated as 
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FIGURE 1.—Schematic diagram of the metal finishing waste treatment plant, 
Westinghouse Electric Manufacturing Co., Raleigh, N. C. 


a batch process; however, this new 
treatment facility may be operated 
either as a batch or a flow-through 
process. 

This treatment of the cyanide waste 
results in a salty solution and the re- 
lease of carbon dioxide and nitrogen. 
Completion of the reaction takes at 
least one hour in the presence of an 
excess of chlorine. 

The treatment facilities are divided 
into two separate units (Figure 1); 
one for treating acid-alkali wastes, the 
other for cyanide wastes. On the acid- 
alkali side of the treatment plant the 
first mixer is a buffer mixer where the 
pH value of the waste is partially ad- 
justed by the addition of lime. In the 
following basin the pH is adjusted to 
its final value of approximately 8.5. In 
the third basin the waste is mixed with 
the treated cyanide waste and ferrous 
sulfate is added. Finally, the com- 
bined wastes are settled, the sludge is 
removed and the overflow discharges 


to the sewer leading to the proposed 
Raleigh treatment plant. 

On the cyanide side of the waste 
treatment plant, at the flash mixer, 
chlorine and lime are added to obtain 
a pH value of approximately 8.5. In 
this basin the cyanates are formed. 
The solution now is circulated in the 
next basin by the recirculating pump 
in the presence of an excess of chlo- 
rine. When the treatment plant is 
operated as a flow-through facility this 
circulation results in a turnover of 
probably 4 or 5 times. It is necessary 
to adjust the chlorinators so that there 
will always be an excess of chlorine 
regardless of the flow into the treat- 
ment plant. At the present time the 
cyanide waste is being treated in a 
batch type operation since the only 
cyanides coming to the treatment plant 
are received when a bath is dumped. 
There is sufficient storage in the meter 
manufacturing plant to permit oper- 
ating the treatment plant on a batch 
type basis. However, it can be oper- 
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ated just as efficiently as a flow- 
through facility. The sludge from 
treating both the cyanide and acid- 
alkali wastes is buried. 

The chlorinators are vacuum solu- 
tion feed type, manually adjusted. All 
mixing tanks are equipped with ver- 
tical-shaft propeller type mixers, fer- 
rous sulfate and lime are fed with dry 
feed machines and the pH is controlled 
with automatic pH controllers. Sul- 
furic acid is stored in rubberlined 
containers. The sludge collectors are 
straight-line drag-flight collectors. 
The first two basins on the acid-alka- 
line side of the plant are lined with an 
acid-resistant lining. 


Operating Results 


The operation of the waste treat- 
ment plant has fullfilled all expecta- 
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tions. Unfortunately, chemical analy- 
ses have not been made of the waste 
since the city of Raleigh waste treat- 
ment plant is not yet in operation. 
There is no reason, however, to believe 
the waste from the Westinghouse waste 
treatment plant is not conforming 
fully to the expected results. There 
have been some operating difficulties in 
this plant but these are not of a serious 
nature. 
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M.1.T. SUMMER COURSES 


Recent advances in biochemical proc- 
essing of industrial wastes will be re- 
viewed during a two-week special sum- 
mer program, August 20-31, 1956, at 
Massachusetts Institute of Technology. 

The program is planned primarily 
for chemical engineers, sanitary engi- 
neers, and chemists who seek a better 
understanding of the role of biochem- 
istry, both fundamental and applied, 
in the processing of organic chemical 
wastes. The presentation of principles 
will lay the groundwork for applica- 
tion to virtually any type of industry. 
Lectures and demonstrations will cover 
the following topics: principles of mi- 


erobiology and biochemistry of micro- 
organisms, characterization of wastes 
by analytical chemical methods, stream 
pollution, aerobic and anaerobic bio- 
logical treatment, sludge concentration 
and disposal, and pilot-plant design 
and operation. 

Registration fee is $200 and living 
accommodations are available in the 
Institute’s dormitories. All M.1.T. rec- 
reational facilities are available for use. 

Complete information and applica- 
tion blanks may be obtained from the 
Summer Session Office, Room 7-103, 
Massachusetts Institute of Technology, 
Cambridge 39, Mass. 
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Stream Pollution 


A method has been developed by the 
authors for predicting the maximum 
reduction in oxygen concentration in 
a polluted stream under various con- 
ditions of pollution load, stream flow 
and water temperature. This method 
is an expansion of a less comprehen- 
sive approach presented earlier (1). 

Streams have a tremendous capacity 
for self-purification, and economy dic- 
tates that as much—but no more—of 
a stream’s natural capacity for ab- 
sorbing pollution should be used as is 
consistent with all other downstream 
uses of the water. After determining 
the extent of natural purification a 
stream can supply, while still main- 
taining water of a quality suitable for 
the other uses, the extent of waste 
treatment needed to handle the excess 
load is quite apparent. A new method 
for determining a stream’s purifica- 
tion capacity is presented. 


Limitations of Methods 


While a number of previous investi- 
gators have developed methods for de- 
termining the relationship of dissolved 
oxygen to pollution loads in a stream, 
there are certain objections to the ex- 
isting methods. One of the most se- 
rious objections is the cost of deter- 
mining the time of flow of water from 


* Presented at 1955 Annual Meeting, Ken- 
tucky-Tennessee Industrial Wastes and Sew- 
age Works Assn.; Lexington, Ky.; Sept. 
12-14, 1955. 


STATISTICAL METHOD FOR ANALYSIS OF STREAM 
PURIFICATION CAPACITY * 


By M. A. A. BuckINGHAM 


Respectively, Chief, Stream Pollution Control Section, and Public Health Engineer, 
Division of Health and Safety, Tennessee Valley Authority, Chattanooga, Tenn. 
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sampling station to sampling station 
in the reach of river under study. 
Furthermore, a fairly large field and 
laboratory staff must be available to 
carry on the intensive surveys. 

In addition to the cost considera- 
tions, there are other difficulties in- 
volved in the use of the basie Streeter- 
Phelps equations (2). The so-called 
constants k, and k, are determined 
from an intensive survey, usually at 
a fairly low, steady, stream flow. How- 
ever, if another survey is made on the 
same reach, even fairly soon after the 
first one, it at once becomes obvious 
that the ‘‘constants’’ may vary consid- 
erably from the values first determined. 
This situation has been known for 
some time but it is brought out quite 
strikingly again in a recent report on 
the upper Potomac River (3). The 
real use of any method of analysis is 
its application to conditions of load, 
flow, and temperature, other than 
those actually measured. When the 
derived ‘‘constants’’ are far from con- 
stant, the results of computations in- 
volving these ‘‘constants’’ for other 
conditions of load, flow, and tempera- 
ture, are certainly open to question. 

The method of analysis proposed 
herein is based on the multiple corre- 
lation of all the principal factors pro- 
ducing and controlling the extent of 
the dissolved oxygen (D.O.) sag below 
a source of pollution. The earlier pa- 
per (1) correlated the extent of the 
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D.O. sag with the B.O.D. load. The 
present paper correlates the extent of 
the D.O. sag not only with the B.O.D. 
but also with water temperature and 
stream discharge. Time of water 
travel determinations are not neces- 
sary. Long-term B.O.D. determina- 
tions are not required since the B.O.D. 
constants k, and LZ are not used in the 
analysis. Office computations are 
fairly simple although to one unfa- 
miliar with statistical procedures they 
may at first appear rather compli- 
cated. 


Pollution from a Single Source 


The following discussion is con- 
cerned principally with a stream that 
is polluted from a single source. Deg- 
radation and follow a natu- 
ral course, uncomplicated by other 
downstream pollution. The basic 
method of analysis developed for this 
situation can be applied to many lo- 
cations with little, if 
tion. 


recovery 


any, modifica- 

A short discussion is included con- 
cerning a situation downstream from 
an impoundment. Here a deficit in 
oxygen exists in the water discharged 
through low outlets in the dam. Mu- 
nicipal and industrial pollution are 
discharged into this water, already 
oxygen-deficient, at a location only a 
short distance downstream from the 
dam. This type of situation is be- 
coming more common as river-control 
projects are completed in the United 
States and other countries. The basic 
method of analysis is the same for 
both situations but the second method 
requires inclusion of the additional 
variable, initial D.O. deficit. 


Basic Theory 


A number of factors operate con- 
currently to produce a D.O. defi- 
ciency in a stream below a source of 
pollution. The basic procedure dis- 
eussed here correlates these factors 
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statistically, all at the same time, with 
the measured decrease, or drop, in 
D.O. concentration from above the 
point of pollution to the low point of 
the D.O. sag. The factors used must 
be readily measurable in quantitative 
units. 

In the normal pollution situation 
the river upstream from the pollution 
source under study contains water 
reasonably well saturated with oxy- 
gen. When pollution is discharged 
into a stream such as this the factors 
subject to direct quantitative observa- 
tion which affect the extent of the 
D.O. sag are the B.O.D., stream tem- 
perature and stream discharge. Time 
of water travel is intentionally omitted 
for the reasons given previously. 
Actually, water travel effects are in- 
directly included, because discharge 
is included in the correlation, and 
time of travel is obviously correlated 
with discharge. 

If the above factors are the con- 
trolling ones, and the authors believe 
they are, then a statistical correlation 
of observed values of the so-called 
independent variables, with corre- 
sponding observed values of the de- 
pendent variable, D.O. drop, should 
result in an equation that can be used 
with confidence to predict the extent 
of the D.O. drop for various assumed 
values of the independent variables. 
The simplest type of multiple correla- 


tion relationship is expressed by the 


linear equation : 


Y=aea bX, boX + b3X3 


in which 


(la) 


the dependent variable, 
D.O. drop, in p.p.m. 
= 5-day B.O.D. in p.p.m. 


= water temperature in 


= stream discharge factor 
a, bi, bs, bs = constants derived from 
the data actually 


used. 


| 
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The procedure involved can be best 
illustrated by following the develop- 
ment from an actual set of observed 
data. 


Prediction Equations for a 
Specific Case 


The observed data on which the 
main part of this paper is based were 
supplied by an actual industry in the 
Tennessee Valley, hereinafter referred 
to as ‘‘Industrial Plant.’’ The data 
illustrate the type of information any 
progressive industry can obtain with 
reasonable cost concerning the effects 
of its wastes on the receiving streams. 

Industrial Plant draws its process 
water from ‘‘Plant River’’ and also 
discharges its wastes back into the 
same stream. A short distance down- 
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stanion 8 STATION E 


FIGURE 1.—Location of sampling stations in example illustrated. 
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stream Plant River flows into ‘‘Main 
River’’ (Figure 1). 


Basic Data 


Technical personnel of Industrial 
Plant collected field data and water 
samples routinely from a number of 
sampling stations on Plant River, 
Branch River, and Main River. The 
stations are located as shown in Fig- 
ure 1. Stream discharges, based on 
records from three gaging stations on 
the Main River and from gaging sta- 
tions on five local tributaries, were 
supplied by the Hydraulic Data 
Branch, Tennessee Valley Authority. 

The mill is located on Plant River, 
a small tributary of Main River. 
Above the mill Plant River contains 
practically no pollution, as the stream 
flows out of a sparsely inhabited area. 
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The samples collected are truly ran- 
dom, according to mill officials, and 
were taken to indicate the pollutional 
effect of mill operations on the waste- 
receiving stream. The normal opera- 
tion of the mill results in variable 
loadings on the stream on an hour-to- 
hour and day-to-day basis. 

The results of B.O.D. grab samples, 
showed the maximum observed load 
on Plant River below the mill to be 
at the rate of 62,800 lb. per day, and 
the minimum 9,600 lb. per day. Obvi- 
ously, the results of grab samples must 
be interpreted carefully in order not 
to be misleading. With the aid of 
statistical procedures, however, the 
grab sample values can yield depend- 
able results when analyzed by the 
method proposed herein. 
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Effect on D.O. in Main River 


Figure 2 shows the effects of the 
pollution load on D.O. concentrations 
downstream from the junction of 
Plant River and Main River. The D.O. 
curve profiles were drawn in between 
stations. (Extreme care should be ex- 
ercised in drawing these profiles. As 
explained later, accuracy will be im- 
proved if a sampling station can be 
located as near as possible to the usual 
location of the low point of the D.O. 
sag curve at low flow.) 

The B.O.D. load in the Main River 
above the mouth of the Plant River 
is very low. The only sizable organic 
load imposed on the Main River in the 
30-mile reach below the mouth of the 
Plant River is that from the mill. 


PPM 


DISSOLVED OXYGEN - 


STATION A 


0.0 PROFILE FOR NORMAL 
LOAD 


00 PROFILE FOR PLANT 
SHUT-DOWN PERIOD 


STATION F 4 
STATION #4 


OBSERVED 
D.O. PROFILES 


90 


80 
MILES ABOVE MOUTH OF MAIN RIVER 


FIGURE 2.—Observed D.O. profiles on Main River. 
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Correlation of Variables 


In the multiple linear correlation of 
variables it is necesary to compute the 
sums of squares of deviations of each 
variable from its own mean value, and 
also to compute the sums of cross 
products of deviations. Table I shows 
how these values are computed and 
tabulated. 

In Table I, values of B.O.D., tem- 
perature and discharge used are as 
observed at Station F. Values of these 
variables as observed at Station E, 
also located near the low point of the 
D.O, sag, could have been used but in 
this particular situation a slightly bet- 
ter correlation (higher correlation co- 
efficient) was obtained using Station F 
data. The B.O.D. of samples collected 
from a station, such as F, on the D.O. 
sag obviously indicate the concentra- 
tion of pollution remaining in the wa- 
ter at that location. If the B.O.D. is 
high here then it must have been still 
higher at the source. Since good mix- 
ing in the river has occurred by the 
time the water reaches Station F’, bet- 
ter results are obtained by using the 
B.O.D. as measured at this station 
rather than at a station just below 
the source, where accurate sampling is 
exceedingly difficult. 

Values of D.O. drop shown in Table 
[, Column 2, were obtained by sub- 
tracting the D.O. value at the low 
point of the profile, Figure 2, from 
the observed D.O. value on the same 
profile at Station A, above pollution. 
In the heading of Column 5, Table 
I, the discharge at Station F is shown 
in the denominator for reasons that 
will be explained later. The number, 
10,000, in the numerator of the head- 
ing for Column 5 was selected merely 
to give values of convenient size for 
the resulting quotients. The actual 
value of this number is not important 
since it is an arbitrary constant. The 
other column headings are self ex- 
planatory. 
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At the bottom of Table I the values 
following the words ‘‘Correction 
Item’’ are simply values obtained as 
indicated that yield upon subtraction, 
of the sums of squares of deviations 
and sums of cross products of devia- 
tions that are necessary for further 
computations. 


Values in Basic Equation 


Returning to the basic form of the 
linear equation, Eq. la, and substi- 
tuting therein: 


D.O. drop = a + b,(B.0.D.) 


+ be(temp.) + bs (1b) 
an equation is obtained in which it is 
desired to evaluate the @ constant and 
the three b constants. 

If deviations from the means of each 
of the variables are used, instead of the 
observed values directly, the basic 
equation can be written: 


= byt, + bere + bax, (2) 


Following the principles of least 
squares it is desired to minimize: 


Z(y — biti — box. — bars)? (3) 


Using standard mathematical pro- 
eedures for doing this, the following 
three ‘‘normal’’ equations result: 


4- 423 = (4a) 
belay? Trey (5a) 


Now, by substituting values from 
the bottom row in Table I into the 
appropriate locations in the three nor- 
mal equations, and solving these equa- 
tions simultaneously, by a technique 
known as the Doolittle Method, values 
of the three b constants in the basic 
equation are determined. 
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Determination of Values of b constants in Basic Equation 


143.62b, — 
—b,+0.997981b. — 1.257346b; = 


143.33b, + 
+143.336, — 


Dividing Eq. 4b by — 143.62 then 


and 
Multiplying Eq. 4b by +0.997981 


143.33b2+ 180.58b; = +47.14 (4b) 


—0.328227 (4c) 


34.7663 = +137.49 (5b) 
180.22b; = +47.04 (10) 


986.56b2+ 
143.04b2+ 


(22) 
Dividing (22) by —843.52 


180.58), + 
— 180.58), + 


Multiplying Eq. 4b by —1.257346 
Now, multiplying (22) by —0.254861 


+ 843.52b.+ 214.98b; = +184.53 
—b:—0.254861b; = —0.218762 (5c) 


34.76b2+ 676.15b; = +123.74 (6b) 
180.22b2.— 227.05b; = —59.27 (13) 
214.98, — 54.79b; = —47.03 (14) 


(Zs) 
Substitute in Eq. 5c: 


—b2—0.011265 = —0.218762 
Substitute in Eq. 4c: 


—b, +0.207081 —0.055575 = —0.328227 


Check in Eq. 6b: 
86.624 +-7.213 +29.886 should = 123.74 
123.723 = 123.74 
a = 
a = 6.1375 —3.1780 —3.7229 —0.9020 


In equations such as Eq. 4b it is 
necessary to carry the calculations to 
five or six decimal places in order to 
obtain a check when the derived values 
are substituted back in Eq. 6b 
Otherwise, the values will not check 
in this equation and yet there may be 
no actual error in the computations. 

It will be noted that the a constant 
is determined, as shown at the end of 
the above computations, from the 
mean values of the four variables and 
from the b values just determined. 
The final equation can now be written 
as: 


D.O. drop, in p.p.m. 
= — 1.665 + 0.480(B.0.D.) 
10,000 
cf.s. ) 


+ 0.208(temp.) + 0.044 ( 


This equation is the one that will 
produce the most accurate prediction 
possible from the available data if a 
linear equation is to be used in the 
form given. This is true since the 
principles of least squares yield an 
equation such that the sum of the 
squares of the deviations of the ob- 


+ 394.31b; = 


bs = 


+17.44 
+0.0442 


be +0.2075 


+0.4797 


— 1.6654 


served values, from the values com- 
puted by the formula, is a minimum. 

By inserting any reasonable (i.e., 
not too far beyond the observed range) 
values of the independent variables in 
the final equation, the corresponding 
D.O. drop from Station A to the low 
point of the D.O. sag will result. 

The data presented in Table II, 
show the results of computations with 


in 


Computed 0.0. Drop-ppm 


2 4 5 10 
Observed 0.0 Drop-ppm 
FIGURE 3.—D.O. drop from above pol- 


lution to D.O. sag—observed vs. computed 
values. 
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TABLE II.—Computation of D.O. Drop Values Corresponding to Observed Values 


April, 1956 


Observed 
Date D.O. Drop +0.480 XB.O.D. 
(p.p.m.) 
6/19/44 6.5 1.44 
6/23 5.7 2.88 } 
7/1 7.4 3.36 
7/5 2.4 0.96 
7/15 6.3 2.40 
7/22 7.0 3.36 
7/26 7.4 3.36 
7/27 8.1 3.36 
7/28 8.1 4.32 
7/29 8.9 3.36 
8/2 6.0 1.92 
8/19 9.0 4.80 
8/26 7.3 4.32 
9/2 6.0 3.36 
9/20 5.7 3.36 
10/18 73 4.32 
10/30 7.6 5.28 
12/5 3.4 5.28 
12/21 3.6 3.36 
1/26/45 | 4.3 3.36 
3/20 4.2 2.40 
5/31 5.5 2.88 | 
6/13 6.2 1.92 
7/5 3.5 0.96 | 


+0.208 XTemp. +0.044 
0.1.8. (p.p.m.) 
4.80 0.68 5.25 
4.49 0.78 6.48 
4.39 0.83 6.91 
3.85 0.85 3.99 
4.39 0.61 5.73 
4.22 0.88 6.79 
4.58 1.09 7.36 
4.64 1.12 7.45 
4.85 1.16 8.66 
4.70 1.07 7.46 
1.16 0.46 4.87 
4.53 1.03 8.69 
4.20 1.29 8.14 
4.62 0.84 7.15 
4.06 0.88 6.638 
2.50 1.24 6.39 
2.18 1.42 7.21 
0.52 0.75 4.88 
0.42 0.81 2.92 
1.04 0.75 3.48 
3.22 0.57 4.52 
4.16 0.67 6.04 
4.58 0.90 5.73 
4.47 0.88 4.64 


the formula for each set of observed 
values. Figure 3 gives a graphical 
comparison of observed values versus 
computed D.O. drop values as listed 
in Columns 2 and 6 of Table II. 


Progresswe Downstream Reduction in 
B.O.D. Load 


The final regression equation corre- 
lates D.O. drop to the D.O. sag with 
B.O.D. at Station F. A correlation 
with B.O.D. at the source of pollution 
would be more useful in the D.O. drop 
formula, since the source is the loca- 
tion where any actual reduction in 
pollution must be made. Due to the 
erratic nature of the load at Station 
C, however, direct correlation of the 
load there with the D.O. drop to the 
D.O. sag is not as satisfactory as the 
correlation resulting from the use in 
the D.O. drop formula of B.O.D. values 
at Station F. Using the B.O.D. value 
at Station F, it is necessary to corre- 
late the B.O.D. load as measured there 


with the B.O.D. load at the source of 
pollution. For that purpose, a mul- 
tiple correlation method is given in 
Table III. A second method for mak- 
ing this correlation is based on the 
simple assumption that the progres- 
sive downstream reduction in B.O.D. 
load described by the mean observed 
B.O.D. loads at the various stations 
will maintain these same relative values 
as the B.O.D. load at the source is 
reduced by treatment of the waste at 
the source. 

Although the multiple correlation 
procedure for computing the B.O.D. 
load at Station F will yield (in most 
eases) more accurate results, the 
method of proportions is much simpler 
to use and gives results fairly close to 
those obtained by the correlation pro- 
cedure for the range considered. 

The B.O.D. load at a downstream 
station, such as F, near the low point 
of the D.O. sag curve is reasoned to 
be a function of: (a) the load put 
into the river plus the natural B.O.D. 
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load; (b) the stream temperature, and 
(c) the stream discharge. (Note that 
the time of water travel is not neces- 
sary, since the time correlates with 
discharge.) Therefore, the equation 
for the B.O.D. load at a station, such 
as F, can be written: 


B.O.D. load at Station F 
=a+b,(Load at Stations A+C) 
+b.(Temp. at Station F) 
+b;(Discharge at Station F) (7a) 


The observed values of the several 
variables used, and a summary of the 
computations, for deriving the con- 
stants in Eq. 7a are shown in Table 
III. The completed equation is: 
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B.O.D. load at Station F 
= 12.086+0.179(Load at Stations 
A+C) —0.394(Temp. at Station F) 
+1.197(Discharge at Station F) (7b) 


In this equation B.O.D. loads are 
expressed in 1,000 lb. per day, tem- 
perature in degrees Centigrade, and 
discharge in 100 ef.s. By inserting 
selected values of the independent 
variables in the equation (7b), the 
resulting B.O.D. load at Station F 
ean be readily computed. For the 
particular case discussed here, consid- 
ering the intermittent nature of the 
added B.O.D. loads from Industrial 
Plant, a fairly high coefficient of mul- 
tiple correlation is determined for this 


TABLE II.—Multiple Linear Correlation of B.O.D. Loads, Temperature, and Discharge 
Source of Pollution to Station F 


B.O.D. (1,000 Ib. per day) 


at Stat. F at Stat. A+C 


Temp. at 
F 


6/19/44 
6/23 


20.5 


1/26/45 22.3 > 5.0 
3/20 20.9 8. 15.5 
5/31 21.4 20.0 
6/13 10.5 22.0 
7/5 5.4 3. 21.5 
427.6 


Sums 430.6 


= 828.91 
= 1246.20 
— 466.62 
45.71 
6930.93 

— 361.93 

— 114.85 
986.56 

— 10.75 
51.83 


Means 


17.81667 
My 


17.94167 


Number of observations = 24. 


| Disch. at 
Dets Cc. 100 c.f.s. R 
10.5 49.1 23.1 6.51 
18.2 43.4 21.6 5.63 - 
7/1 20.0 61.7 21.1 5.28 3 
7/5 5.6 4.1 18.5 5.15 Corrected Sums for: ao 
7/15 19.4 21.9 21.1 7.17 -: 
7/22 18.9 55.3 20.3 5.00 ys Aa. 
7/26 15.2 34.5 22.0 4.02 Be 
7/27 14.9 48.7 22.3 3.93 YX: et 
7/28 18.4 12.4 23.3 3.79 “ek 
7/29 15.6 54.4 22.6 4.13 YX; ale 
8/2 20.7 23.5 20.0 9.57 agi 
8/26 16.5 35.5 20.2 3.40 a 
9/2 19.9 53.3 22.2 5.26 x? poh, 
9/20 19.0 30.6 19.5 5.02 
10/18 17.3 43.1 12.0 3.56 XX: 
10/30 18.4 49.1 10.5 3.10 
12/5 35.0 67.8 2.5 5.90 
12/21 = 22.8 2.0 5.43 
xX? 
5.90 
7.75 
6.60 
4.88 X? 
5.00 
{ 
126.25 
M, M; 
a 
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equation. In those situations where 
the B.O.D. load is not so abruptly vari- 
able with time, a higher coefficient of 
multiple correlation should be ob- 
tained. 

Figure 4 is a plot of observed B.O.D. 
loads at Station F versus B.O.D. loads 
computed for this location by the mul- 
tiple regression B.O.D. load reduction 
formula. Reasonably good agreement 
is indicated. 

A second method of computing the 
B.O.D. load at Station F is given later 
under the heading ‘‘Reduced B.O.D. 
Load Conditions—Method of Propor- 
tions.’’ 


Application of Method 


After the prediction equations for 
D.O. drop and natural downstream 
B.O.D. load reduction have been de- 
veloped, the equations can be used to 
predict oxygen concentrations at the 
low point of the D.O. sag curve under 
any reasonable conditions of B.O.D. 
load, temperature and stream dis- 
charge. 


Normal Load Conditions 


If the B.O.D. load at the source is 
maintained at a normal (mean of the 
samples) level, the effect on D.O. con- 


centrations at various temperatures 


~ 1000 pounds per day 


3 
| 
| 


Computed BOD 


R= 0.746 
0 5 10 15 20 25 30 35 40 
Observed BOD - 1000 pounds per day 


FIGURE 4.—B.O.D. load at station F— 
observed vs. computed values. 
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and discharges can be determined di- 
rectly from the two regression equa- 
tions developed previously. Since 
there seems to be no correlation of 
stream temperature with pollution dis- 
charge (seasonal influences appar- 
ently predominate) desired values of 
these two variables, within reason, may 
be inserted in both formulas without 
danger of setting up an impossible 
condition. In the D.O. drop formula, 
the value of B.O.D. concentration at 
Station F is obtained from the B.O.D. 
load formula after inserting the se- 
lected values of temperature, dis- 
charge, and the combined B.O.D. load 
at Stations A and C. 

For example, assume it is desired 
to compute the D.O. drop to the D.O. 
sag for normal load conditions for a 
temperature of 25° C. and for a flow 
at Station F of 280 e.f.s. (once in 10- 
year minimum daily flow). The nor- 
mal combined B.O.D. load at Stations 
A and C is 36,360 lb. per day, since 
this is the mean load of the sampling 
days listed in Table ITT. 

Solving the load equation for these 
conditions: 


B.O.D. load at F 


= 12.086+0.179 X 36.36 —0.394 


X 25.0+ 1.197 K 2.80 
= 12.10 = 12,100 Ib. per day 


(7a) 


From the general formula, pounds per 
day = p.p.m. X 5.4 X ¢.f.s., it is com- 
puted that the 5-day B.O.D. value at 
F corresponding to 12,100 lb. per day 
there is 8.0 p.p.m. Inserting this value 
in the D.O. drop formula: 


D.O. drop = — 1.665+-0.480 8.00 


10,000 
+0.208 X 25+0.044( 40.0) 


=8.95 p.p.m. (8a) 


From this result it is evident that com- 
plete exhaustion of dissolved oxygen 
at the D.O. sag would occur for these 
temperature and flow conditions at any 
time the D.O. concentrations above the 
point of pollution (i.e., at Station A) 
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are equal to or less than 8.95 p.p.m. 
Since D.O. concentrations at Station 
A as low as slightly less than 7 p.p.m. 
have been observed, it is obvious that 
D.O. exhaustion could be expected un- 
der certain conditions. Figure 5 has 
been computed by the same procedure 
to show computed D.O. drop values 
under normal B.O.D. load conditions, 
for temperatures ranging from 15° C. 
to 25° C. and for discharges ranging 
from 280 to 1050 ¢c.f.s. at Station F. 

Figure 5 shows that the D.O. drop 
to the D.O. sag curve, at minimum 
flows and for all summer temperatures, 
will be sufficient to exhaust the D.O. 
to zero if only 7 p.p.m. exists above 
the point of pollution. A D.O. drop 
to the D.O. sag of about 4 p.p.m. will 
be produced at a flow as high as 1,000 
e.f.s. and at a water temperature as 
low as 15° C. 


Normal Increase in Flow. 


The normal increase in flow from 
station to station, at various levels of 
flow, was determined from a plot of 
the river flows on the sampling days 
at each sampling station against the 
sampled flow at a selected base sta- 
tion (Station E). If such data are 
not available, flow increases in pro- 
portion to drainage area (assuming no 
regulation by dams) are reasonably 
accurate. 


Reduced B.O.D. Load Conditions 


When stream conditions are to be 
considered under continuously reduced 
B.O.D. load (at the source), the re- 
duced effects on D.O. drop of reduced 
bottom deposits must be evaluated. In 
this discussion, the simple assumption 
is made that bottom-deposit effects will 
be reduced in proportion to the reduc- 
tion at the source in the B.O.D. load. 
Obviously there would be a lag in time 
before the bottom deposits could re- 
flect the reduced B.O.D. load, but 
after a period of a year or so bottom 
deposits and their effects on D.O. 
would become adjusted to the new pol- 
lution load conditions. 
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DO Drop Station A to Sag-ppm 


400 800 
Discharge at Staton F-cfs 


FIGURE 5.—Computed D.O. drop to D.O. 
sag—normal industrial plant load. 


Fortunately, some observed data on 
bottom deposit effects are available 
since Industrial Plant is shut down 
for a few days around Independence 
Day. For the years 1944 and 1945 
shutdown was on July 3 and a set of 
observations was made on the river on 
July 5 of both years just prior to the 
resumption of plant operations. Dur- 
ing the shut-down period, the river 
below the plant has a chance to flush 
itself of practically all suspended and 
dissolved B.O.D. 

The low B.O.D. values reported on 
July 5 show only nominal suspended 
and dissolved pollution, particularly 
at Stations E, F, and G. At the lower 
end of the D.O. sag reach, flushing 
action was not so complete and so the 
downstream end of the D.O. sag curves 
observed on July 5 were affected to 
some extent by suspended and dis- 
solved pollution originating before 
shut-down. The drop in D.O. ob- 
served during these shut-down pe- 
riods is due primarily to material on 
the bottom of the river, and second- 
arily to upstream residual pollution 
and pollution not flushed out of eddies. 

Obviously bottom deposits and slime 
growths are not stable or constant in 
amount. A scouring flood would re- 
move them. However, the low-flow 
period of the summer is usually pre- 
ceded by a period during which the 
flows trend downward. It is during 
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this period that the deposits build up. 
The deposits should not be considered 
simply as sludge banks, since much of 
the bottom undoubtedly is coated with 
adapted bacterial and fungal slimes, 
similar to those on a trickling filter, 
together with organic material re- 
moved from the water by the slimes. 
Thus, bottom effects would exist even 
if all ‘‘settleable solids’’ were to be 
removed by treatment of the plant 
wastes. If no man-made pollution 
were added to the river, the natural 
B.O.D. throughout the reach would 
be about 1 p.p.m. Under these condi- 
tions there would obviously be no D.O. 


sag. 


Multiple Correlation Method 

Since pollution is added to the river, 
the accumulated material on the bed 
of the river obviously has an effect on 
D.O. drop. By inserting 1 p.p.m. 
B.O.D. in the D.O. drop formula, 
along with a minimum flow (once in 
10-year minimum daily) of 280 c.f.s. 
at Station F, and a temperature of 
25° C. (maximum observed during 
sampling at Station F was 23.3° C.) 
the computed D.O. drop due to bot- 
tom deposits under these conditions is: 


D.O. drop = — 1.665+0.480 X 1.0 
280 
=5.59 p.p.m. (16b) 
On July 5, 1944, and July 5, 1945, 
when Industrial Plant was shut down, 
observed D.O. drop values on these two 
days, a year apart, were 2.4 and 3.5 
p.p.m. (Table I). The D.O. drop 
values computed to be due to bottom 
deposits under the conditions prevail- 
ing on these two days were 3.5 and 
4.2 p.p.m., respectively. Keeping in 
mind the variation to be expected in 
any individual observation, it is rea- 
sonable to conclude, therefore, that the 
formula can be relied on to yield rea- 
sonably close estimates of the effects 
of bottom deposits on D.O. drop. 
If an immediate chemical oxygen de- 
mand is caused by the wastes dis- 
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charged to the stream, this demand 
will be attributed in the previous cal- 
culations to demand of bottom de- 
posits. Where appreciable immediate 
oxygen demand is known to exist, cor- 
rection for it should be made. 

The mean total B.O.D. load from 
previous pollution as determined by 
the samples at Station A is 2,970 
lb. With a mean flow on the days of 
sampling of 300 ¢.f.s., the ‘‘natural’’ 
load at 1 p.p.m. (from natural organic 
material in any stream) is computed 
to be 1,620 lb., thus leaving 1,350 Ib. 
of ‘‘added’’ upstream pollution pres- 
ent at Station A, above the point where 
the waste load from Industrial Plant 
enters Main River. The ‘‘natural’’ 
pollution load in pounds per day from 
above Station A will increase as the 
stream flow increases, since it is as- 
sumed that the natural B.O.D. will 
remain at 1 p.p.m. for all flows. Simi- 
larly, for Plant River the natural load 
(at 1 p.p.m. in the mean flow) during 
the sampling days is computed to be 
380 lb. per day which, subtracted from 
the total mean B.O.D. load of 33,380 
lb., at Station C, yields 33,000 lb. of 
‘fadded’’ load from Industrial Plant 
discharge. 

If the ‘‘added’’ pollution load from 
Industrial Plant was reduced to 50 
per cent of the measured mean, it 
would then be 16,500 Ib. For a mini- 
mum flow of 280 c.f.s. at Station F, 
the corresponding minimum flow at 
Station A would be 150 e.f.s. Under 
these conditions, the total B.O.D. load 
at Stations A and C would be as in- 
dicated in the 50 per cent B.O.D. Load 
Reduction tabulation. 


50 Per Cent B.O.D. Load Reduction, 
Minimum Flow and Maximum 
Temperature 


Dis- B.O.D. Load (ib. per day) 
charge 
(c.f.8.) 


Natural | Added Total 


150 810 1,350 
30 160 | 16,500 
Total Aand 180 970 | 17,850 


2,160 
16,660 
18,820 
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Now, by inserting the reduced total 
B.O.D. load at Stations A and C in 
the load reduction equation, the B.O.D. 
load at Station F is computed to be: 


B.O.D. load at F 
= 12.086+-0.179 X 18.82 
— 0.394 25.0+ 1.197 X2.80 (7d) 
= 8.96=8,960 Ib. per day 


This B.O.D. load at Station F is 
equivalent to 5.93 p.p.m. B.O.D. at 
Station F in a flow of 280 c.f.s. 

Using this B.O.D. concentration in 
the D.O. drop formula: 


D.O. drop to D.O. sag 
= — 1.665+0.480 X 5.93 +-0.208 


10,000 
X25 +0.044( 280 ) 


=7.95 p.p.m. (8c) 


However, this D.O. drop does not take 
into account the reduced bottom de- 
posit effect. The D.O. drop due to 
bottom deposits only, under normal 
load, minimum flow, and maximum 
temperature conditions, as computed 
earlier, is 5.59 p.pm. The D.O. drop 
due to reduced bottom deposits after 
a B.O.D. load reduction of 50 per cent 
(at the Industrial Plant) will be: 


17,850 
34,350 


The value 17,850 is the sum of the 
normal ‘‘added’’ B.O.D. load at Sta- 
tion A and 50 per cent of the normal 
‘‘added’’ B.O.D. load at Station C. 
The value 34,350 is the sum of the 
normal ‘‘added’’ B.O.D. loads at Sta- 
tions A and C. Therefore, the cor- 
rection to be applied to the computed 
D.O. drop is 5.59 — 2.90 = 2.69 p.p.m. 
The computed D.O. drop of 7.95 p.p.m. 
reduced by 2.69 p.p.m. yields 5.26 
p.p.m. as the corrected D.O. drop to 
the D.O. sag after a B.O.D. load re- 
duction of 50 per cent at the Indus- 
trial Plant. This would result in a 
D.O. concentration at the low point 
of the D.O. sag of 1.74 p.p.m., assum- 
ing 7 p.p.m. D.O. at Station A. 


X 5.59 = 2.90 p.p.m. 
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Figure 6 has been prepared, follow- 
ing the above procedure, to show the 
D.O. drop to the bottom of the D.O. 
sag curve under various temperature 
and discharge conditions and for 50 
per cent reduction in plant pollution 
load. 

As a further illustration, a B.O.D. 
load reduction of 75 per cent at In- 
dustrial Plant would produce the con- 
ditions indicated in the 75 per cent 
Load Reduction tabulation. 


75 Per Cent Load Reduction, Minimum Flow 
and Maximum Temperature 


Dis- | B.O.D. Load (lb. per day) 


charge 
Station (c.f.8.) 


Natural | Added Total 


A 150 810 | 1,350 | 2,160 
Cc 30 160 | 8,250 | 8,410 
Total AandC} 180 970 | 9,600 | 10,570 


B.O.D. load at F 
= 12.086+-0.179 X 10.57 —0.394 
X25+1.197X2.80 (7e) 
= 7.48 =7,480 lb. per day 
This load is equivalent to 4.95 p.p.m. 
at Station F, in a flow of 280 c.f.s. at 
that location. 
D.O. drop to D.O. sag 
= —1.665+ 0.480 4.95+0.208 


10,000 
x25-+0.044( 280 )=748 p.p.m. 


Bottom deposit effects for the new con- 
dition are: 

9,600 

34,350 xX 5.59 = 1.56 p.p.m. 
The correction to be applied to the 
computed D.O. drop is therefore: 5.59 
— 1.56 = 4.03 p.p.m. Subtracting 4.03 
p.p.m. from 7.48 p.p.m. yields 3.45 
p-p.m. as the corrected D.O. drop. 
With 7 p.p.m. D.O. at Station A, the 
D.O. concentration at the bottom of 
the D.O. sag curve would then be 3.55 
p.p.m. 

Following the procedure outlined in 

the above examples, it is possible to 
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B.O.D. Load (lb. per day) 

Natural (1 p.p.m.) | Measured Mean Added 

A 300 1,620 2,970 1,350 

C 71 380 33,380 33,000 
Total A and C 34,350 
E 487 2,630 24,830 22,200 

F 526 2,840 17,820 14,980 
G 565 3,050 17,580 14,530 
H 756 4. O80 16,130 12,050 

J 831 $490 14,680 10,190 


compute D.O. concentrations for any 
reasonable values of B.O.D. load, tem- 
perature and stream flow in any de- 
sired combination. Stream conditions 
under reduced pollution loads can be 
thus predicted, and the extent of 
needed waste treatment facilities can 
be evaluated. 


Method of Proportions 


In those situations where an ap- 
proximation of the necessary B.O.D. 
load reduction at the source is suffi- 
cient, the B.O.D. load reduction equa- 
tion is not required. Instead of using 
this equation, the B.O.D. load at F 
is approximated by proportion. The 
mean added B.O.D. load at each sam- 
pling station is shown in Table IV and 
Figure 7. 

The B.O.D. at Station F can be 
approximated for any desired pollu- 
tion load condition by assuming that 
B.O.D. loads will be reduced by natu- 


@ 


ppm 


Station A to Sag 


(includes bottom deposits correction ) 


DO. Drop 


0 200 600 800 000 


400 
Discharge at Station F-cfs 

FIGURE 6.—Computed D.O. drop to 
D.O. sag—50 per cent reduction in indus- 
trial load. 


ral processes, in the river reach be- 
tween the pollution source and Sta- 
tion F, under various conditions of 
introduced load, temperature, and 
flow, in the same proportion as shown 
in Figure 7 for the mean B.O.D. loads. 
The B.O.D. at Station F can then be 
used in terms of p.p.m. in the D.O. 
drop formula to estimate the drop to 
the D.O. sag, correction made for bot- 
tom deposits, ete. 

An example of this procedure ap- 
plied to conditions of 50 per cent 
B.O.D. load reduction by waste treat- 
ment at Industrial Plant is given in 
the proportional 50 per cent Load Re- 
duction tabulations. 


Proportional 50 Per Cent Load Reduction, 
and Minimum Flow 


| B.O.D. 
lb. pe y) 
Station Discharge Per 
(c.f.s.) 

Natural | Added 

A | 150 810 1,350 

C } 30 160 16,500 

Total A and C | 180 970 17,850 


The added B.O.D. load of 17,850 lb. 
per day at Stations A and C will be 
reduced by natural processes (it is 
assumed in this procedure) by the 
time Station F is reached, in the same 
proportion that the mean added B.O.D. 
load at Stations A and C is reduced 
by time Station F is reached. The 
34,350 Ib. B.O.D. load at Stations A 
and C is reduced in this distance by 
natural processes to 14,980 lb. (Table 
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IV). By proportion then, the added 
B.O.D. load of 17,850 Ib. will be re- 
duced to 7,780 lb. It is assumed now 
that this residual added B.O.D. load 
at Station F will not vary with the 
discharge and temperature. 

The first section of Table V shows 
the resulting B.O.D. loads in p.p.m. 
at Station F as the flows vary. By 
inserting the resulting B.O.D. values 
at Station F in the D.O. drop formula 
for a temperature of 25° C., and for 
various flows, and by applying the 
usual bottom deposits correction, the 


TABLE V.—Computed D.O. Drop Values 
Using Method of Proportions for 
B.O.D. Load at Station F 


For 50 Per Cent Reduction in Industrial Load 


STREAM PURIFICATION CAPACITY 


Flow at b. per day 
B.O.D. 
at F (p.p.m.) 
Natural | Added | Total 
1,510 Pri 9,290 6.14 
440 2,380 | 7,780 | 10,160 4.28 
620 3,350 | 7,780 | 11,130 3.32 
840 4,530 | 7,780 | 12,310 2.71 
1,050 5,670 | 7,780 | 13,450 2.37 
For Temperature of 25°C. 
Corrected D.O, Drop 
Flow. |Uneorrected | 
(c.f.s.) (p Correction 
(p.p.m.) Prop. Correl. 
Method | Method 
280 8.06 2.69 5.37 5.26 
440 6.59 2.41 4.18 4.35 
620 5.84 2.27 3.57 3.88 
840 5.36 2.18 3.18 3.57 
1,050 5.10 2.13 2.97 3.40 
For Temperature of 15° C. 
Drop 
Bott p.p-m. 
c.t.a. orrection 
opm) (p.p.m.) Prop. Correl. 
Method | Method 
280 5.98 1.69 4.29 5.44 
440 4.51 1.41 3.10 4.06 
620 3.76 1.27 2.49 3.36 
840 3.28 1.18 2.10 2.91 
1,050 3.02 1.13 1.89 2.66 
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90 80 70 
MILES ABOVE MOUTH OF MAIN RIVER 


FIGURE 7.—Progressive downstream 
reduction in B.O.D. load. 


second section of Table V_ results. 
The last column of this second section 
of this table shows corresponding D.O. 
drop values as computed, using the 
B.O.D. load reduction formula in con- 
junction with the D.O. drop formula. 
The third section of the table shows 
conditions and comparisons for water 
temperature at 15° C. It appears that 
the method of proportions for deter- 
mining the B.O.D. load at Station F 
produces a fair approximation of the 
results obtained by the correlation 
procedure. In some cases this method 
may be preferred. 
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Algae and D.O. Concentration 


Effects of algae are present in the 
Main River above Plant River and at 
the tributary stations. The quantity 
of D.O. normally added to a relatively 
clear stream by algae varies consider- 
ably throughout the day and night 
during the warm months of the year. 
Pollution, both domestic and indus- 
trial, clouds the receiving waters to 
some extent and thus reduces the ex- 
tent of light penetration. This, of 
course, reduces photosynthesis and the 
production of oxygen by algae. Ob- 
servations of D.O. about dawn are the 
least influenced by algae, and, of 
course, usually show the lowest actual 
concentration. This fact is well known 
and is often used in evaluating criti- 
cal conditions. 

Direct observations have indicated 
the almost complete absence of algae 
in the heavily polluted section of the 
river. Furthermore, frequent obser- 
vations during a 24-hr. period at one 
station failed to show any change in 
D.O. concentrations in passing from 
daylight to darkness, and vice versa, 
that could be attributed to algal ac- 
tivity. 

In those streams which are affected 
both above pollution and throughout 
the D.O. sag reach, the disturbing ef- 
fects of algae-added oxygen can be 
minimized in computations. This is 
accomplished by observing D.O. con- 
centrations through the reach as simul- 
taneously as possible so all observa- 
tions will be in the same part of the 
oxygen-added (or oxygen used at 
night) algal cycle. 


Desirable Field Observations 
Sampling Stations 


To secure the most desirable field 
information at the most reasonable 
eost, four sampling stations should be 
established. Station 1 should be just 
upstream from the point where the 
pollution under study enters the 
stream. 
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Station 2 should be located as close 
below the pollution source as possible 
and yet get accurate data. It must be 
kept in mind that even with multiple- 
point sampling across a stream it is 
difficult to obtain accurate results 
when the stream is wide. However, 
if sampling is not performed reason- 
ably close to the pollution source con- 
siderable reduction in the pollutional 
load from the outfall sewers farthest 
upstream will take place in the reach 
between this location and Station 2. 
It will undoubtedly occur to some to 
measure the total B.O.D. load by sam- 
pling and measuring the flow in all 
outfall sewers. The load so measured, 
however, may be a far ery from the 
B.O.D. load measured at Station 2. 
This is true because of the vast dif- 
ferences existing in the B.O.D. bottles 
under these two conditions. Waste 
concentrations, toxic materials, seed- 
ing organisms, nutrients and possibly 
other factors vary considerably. Com- 
parable results should not even be ex- 
pected. 

Station 3 should be located as near 
the low point of the D.O. sag at low 
flow as possible. If no bridge is avail- 
able reasonably near this location, a 
boat should be used. Station 4 should 
be located approximately half-way up 
on the recovery end of the D.O. sag 
as it exists for low-flow conditions. 

At each of these four stations D.O. 
and temperature observations should 
be made and B.O.D. samples collected. 
Since stream flows are basic to any 
pollution study at least one stream 
vaging station should be located in 
or near the reach under study. Ac- 
curate estimates of flows at each sta- 
tion should be made from the records 
at the stream gage by drainage area 
proportions, runoff per square mile as 
indicated by a small local gaged tribu- 
tary, or by other means. 

The four D.O. values, one at each 
station, should be sufficient to enable 
the investigator to draw an accurate 
D.O. profile for each set of samples 
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collected. Since the D.O. drop from 
Station 1 to the low point on the D.O. 
sag curve is an important item in the 
study, the profiles must be very care- 
fully drawn. Water temperatures at 
each station are very useful. If there 
is substantial heating of the stream 
by some industrial operation that 
utilizes a significant portion of the 
total stream flow, it will be desirable 
to use reach temperatures of this sec- 
tion of the stream in the computations. 

At Station 1 B.O.D. samples are 
needed to measure the B.O.D. load 
coming from upstream so this load can 
be separated from the B.O.D. load 
under study. The need for B.O.D. 
data at Stations 2 and 3 is obvious. 
At Station 4 B.O.D. samples are not 
essential but will be useful in case the 
proportionate method of determining 
the progressive downstream decrease 
in B.O.D. load is preferable in the an- 
alysis to the multiple correlation pro- 
cedure. Furthermore, where it is es- 
pecially difficult to obtain an accurate 
measure of the pollution load near the 
source (wide river, pollution on one 
side only, ete.), it may be desirable to 
estimate the load at the source by pro- 
jecting upstream the pollution loads 
measured at the downstream stations 
from a plot like that of Figure 7. 

In some situations, pollution dis- 
charged to a stream may be mixed in a 
relatively short river distance with the 
flow of the stream. In this case the 
B.O.D. load would need to be meas- 
ured at one station only, and that sta- 
tion could be quite close to the pollu- 
tion source. The D.O. drop to the D.O. 
sag curve could be correlated with 
B.O.D. concentrations at this point di- 
rectly in the D.O. drop formula. Hav- 
ing such a correlation the needed re- 
duction in load at the source could be 
easily calculated using the D.O. drop 
formula only. 


Frequency and Number of Samples 


Sampling at weekly intervals during 
a summer and fall season will result 
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in some 18 or 20 sets of samples and 
D.O. profiles. These should produce 
enough data to yield reliable predic- 
tion equations. If the data collected 
correlate well, as judged by the value 
of the coefficient of multiple correla- 
tion, even fewer sets of data may be 
sufficient. If the data do not correlate 
well, then more samples will be neces- 
sary. In other words, the consistency 
of the data collected, and the desired 
accuracy, will determine the number 
of sampling runs necessary. It should 
be recognized that the accumulation 
or scouring of bottom deposits will 
affect the consistency of the data. 

All stream samples should prefer- 
ably not be collected on the same day 
of each week, or the same hour of each 
day. At least a few sets of observa- 
tions at night would be desirable. 
Critical D.O. conditions usually occur 
just before dawn. 

Since the method of analysis pro- 
posed herein correlates a number of 
variables, it is desirable (in fact, es- 
sential) to observe during the sam- 
pling period a considerable range in 
each variable. This does not imply, 
however, that data for flood discharges 
are desirable. Since the usual appli- 
eation is to determine the degree of 
needed treatment for critical flow and 
temperature conditions, the most use- 
ful data will be those which are in the 
range between average and critical 
conditions. This means less extrapola- 
tion will be necessary and yet sufficient 
variation will be available to establish 
reliable partial regression coefficients 
for each independent variable. Hav- 
ing these, a reasonable extrapolation 
ean be made with confidence. 

It should be realized that the least 
squares procedure for determining the 
partial regression coefficients makes 
the sums of squares of observed devi- 
ations from the computed regression 
a minimum. While this is very desir- 
able, it at the same time gives weight 
to a single observation that is far out- 
side the range of all the others in one 
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or more respects (D.O. drop, B.O.D., 
temperature, or discharge). If only 
a few such extreme values are avail- 
able, the weight of a large number of 
values nearer the means may prevent 
the extreme values from falling close 
to the computed regression. This may 
result in extreme conditions not being 
predicted accurately. Improvement 
would result if the observations were 
more evenly distributed over the range 
of all variables. 


Statistical Considerations 


The question will arise in the minds 
of those concerned with statistical 
theory as to why the authors, in setting 
up the basic form of the D.O. drop pre- 
diction equation, enter B.O.D., temper- 
ature, and discharge in the equation as 
shown. There is evidence to show that 
each of these ‘‘independent’’ variables 
varies linearly (or nearly so) with the 
dependent variable D.O. drop. There- 
fore, a linear type regression was se- 
lected for correlating all the variables. 


Linear Variation of Variables 


Linear variation of the B.O.D. with 
the D.O. drop is quite obvious, since it 
is the B.O.D. exerted in a bottle sample 
that produces a decrease in D.O. in the 
bottle sample. The dilution technique 
of B.O.D. determination is based on 
the assumption that the relationship is 
linear. Temperature effects on D.O. 
drop are not so obviously linear but 
extensive experimental work by Gotaas 
(4) indicated a linear relationship of 
5-day B.O.D. to temperature. The 
rate of reaeration increases with tem- 
perature but not strictly linearly. 
Since the effects of temperature on 
both deoxygenation and reaeration are 
included in the temperature factor, the 
authors do not feel justified at this 
time in attempting any refinement be- 
yond using the temperature to the first 
power. Experience has demonstrated 
that if D.O. drop is plotted against the 
reciprocal of discharge, a linear rela- 
tionship results. The work of Le- 
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Bosquet and Tsivoglou (5) supports 
this conclusion, although they used the 
D.O. directly instead of D.O. drop. 

Consideration of the B.O.D. load re- 
duction regression leads to a plot of 
the B.O.D. load at Station F against 
the combined B.O.D. loads at Stations . 
A and ©. This plot indicates a poor 
simple correlation because of the ab- 
ruptly changing B.O.D. load at Station 
C, and because the influences of tem- 
perature and discharge are not in- 
eluded in the simple correlation. Sim- 
ilarly the nature of the effects of tem- 
perature and discharge on the B.O.D. 
load at Station F are not revealed in 
simple two-variable plots. However, 
when the multiple correlation ap- 
proach is carried out, a reasonably 
high coefficient of multiple correlation 
is obtained as shown by Figure 4. The 
authors now conclude, therefore, that 
nothing more complicated than a lin- 
ear correlation is justified for the 
B.O.D. load reduction regression. 
Further study may alter this tentative 
conclusion. 


Coefficient of Multiple Correlation 


It is difficult to find in statistical 
references a good, clear definition of 
‘‘coefficient of multiple correlation.’’ 
However, Ezekiel (6) has this to say: 
‘‘In simple correlation, the relative 
importance of the independent factor 
was measured by the ratio of the 
standard deviation of the estimated 
values to the standard deviation of the 
actual values, and the name coefficient 
of correlation was given to this ratio. 
In exactly similar manner, when the 
estimates are based on several vari- 
ables, instead of on one, the relative 
importance of all those variables com- 
bined may be measured by dividing 
the standard deviation of the estimated 
values by that of the original values. 
This ratio is named the coefficient of 
multiple correlation, since it measures 
the combined importance of the several 
independent factors as a means of ex- 
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plaining the differences in the depend- 
ent factor.’’ 

When values of the coefficient are 
near 1.00 the values computed by the 
formula are quite close to the observed 
ones, thus showing the formula ex- 
plains almost all the variation in the 
original observations. When values of 
the coefficient are not so close to 1.00, 
but tend toward zero, then the formula 
does not explain the observed variation 
very well. 

The coefficient of multiple correla- 
tion, R, can be computed (6) from the 
equation : 


yar) + bo(Zyata) + ba(Z 
=(y’) 
For the D.O. drop formula this coeffi- 
cient is: 
(.480) (47.14) + (.208) (137.49) 
+ (.044) (123.74) 
75.06 


R?= 


(9a) 


=0.7550 (9b) 
R =0.869 


For the number of observations, and 
the number of variables, statistical sig- 
nificance at the one per cent level is 
reached at a value of 0.652. Obvi- 
ously, the value of 0.869 is statistically 
highly significant. 

For the B.O.D. reduction formula 
the value of R is 0.746. This some- 
what lower value is probably the re- 
sult of the intermittent nature of the 
B.O.D. load put into the stream at In- 
dustrial Plant. However, statistical 
significance at the 5 per cent level is 
reached at a value of 0.563, and at 
one per cent level at a value of 0.652. 
Thus the correlation is found to be 
highly significant in spite of the sud- 
den load fluctuations. 


Confidence Limits 


Since the prediction equations are 
developed statistically, it is possible to 
compute confidence limits for the re- 
gressions. One of the most useful 
methods is that of Snedecor (7). The 
95 per cent confidence limits for the 
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D.O. drop formula, when all variables 
are at their means, shows that the com- 
puted value of the regression is within 
+ 0.41 p.p.m. of D.O. drop of the true 
value. By true value is meant the 
regression established by an infinite 
number of samples. When the inde- 
pendent variables are at their observed 
extremes (maximum B.O.D. and tem- 
perature and minimum discharge), the 
regression is within + 1.14 p.p.m. of 
the true value, with a probability of 
19 to 1 (95 per cent C.L.). The 
chances are 19 to 1 that a single ob- 
servation will be within + 2.04 p.p.m. 
of the value computed by the D.O. 
drop formula when the variables are at 
their means, and within + 2.31 p.p.m. 
when the variables are at their ex- 
tremes. 

For the B.O.D. load reduction for- 
mula, when all variables are at their 
means, the computed B.O.D. load at 
Station F, with a probability of 19 to 
1, is within + 1,800 Ib. per day of its 
true value. This amount of variation 
is almost exactly 10 per cent of the 
mean B.O.D. load at Station F. For 
the maximum B.O.D. load at Station 
A plus C, the maximum temperature, 
and the minimum discharge, the 95 
per cent confidence limits of the com- 
puted load at Station F vary 5,600 lb. 
per day on either side. This demon- 
strates the increasing uncertainty of 
the accuracy of computed values for 
conditions at and beyond the extremes 
of the observed range. 

By means of the confidence limit 
calculations, the investigator may de- 
cide for himself if the results he is 
obtaining are sufficiently dependable 
for his needs. If the results do not 
satisfy him, he will know he needs 
more data, and probably a better dis- 
tribution of data. 


D.O. Drop to a Specifie Location 


If for some special reason the D.O. 
drop (and consequently the D.O. con- 
centration) to some specific fixed loca- 
tion on the D.O. sag curve is desired, 
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the method can be easily adapted to 
this situation. In place of using the 
observed D.O. drop to the bottom of 
the D.O. sag in the D.O. drop formula 
the D.O. drop to the location under 
study can be used. The B.O.D. load 
reduction regression is similarly modi- 
fied. The calculations are carried out 
as illustrated for the drop to the D.O. 
sag. 


Downstream from an Impoundment 


The authors have studied a situation 
below a series of deep impoundments 
where the water discharged from the 
low level outlets in the dam at the 
downstream end of the series contains 
low concentrations of D.O. during the 
warmer months of the year when ther- 
mal stratification of the reservoirs 
exists. A short distance (4 miles) 
downstream from the dam an indus- 
trial city discharges its domestic and 
industrial waterborne waste into the 
river. The stream has an oxygen defi- 
cit along the shore where the waste is 
discharged but, until the waste is 
added, it also has a very low B.O.D. 
since the oxygen demand of upstream 
pollution has been almost completely 
satisfied during long storage in the up- 
stream pools. The rate of reaeration 
of this water is high since the surface 
rate of reaeration is directly propor- 
tional to the saturation deficit. 

During low flows in the controlled 
river, the pollution added by the city 
results in complete D.O. exhaustion a 
few miles farther downstream. Dur- 
ing high controlled flows (above half- 
capacity of the power units in the 
dam) the added pollution merely slows 
up the rate of reaeration, and D.O. 
concentrations in the river continue to 
increase from the dam to a point many 
miles downstream where near satura- 
tion is reached. 

In analyzing this situation to deter- 
mine the quantitative effects of all the 
pertinent variables on the D.O. con- 
centration, the oxygen deficit just 
above the city is an important consid- 
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eration. It was found that in working 
out a multiple correlation of the D.O. 
drop with the usual variables, the ad- 
dition of another variable to take the 
initial oxygen deficit into account im- 
proved the correlation materially. 
After several attempts to work out 
the theoretical form of this factor in 
the equation, the empirical relation 
Deficit 


V Discharge 
best multiple correlation coefficient. 
The final equation worked out was: 
D.O. drop 

= —0.680+-0.028(B.0.D.) 


was found to yield the 


10,000 
+0.138(temp.) +0.323 (2200) 


DeficitX100\__. 
—0304( ) (10) 


Vc.I.8. 


For this situation B.O.D. values 
ranged from 4.2 to 58.7 p.p.m., tem- 
peratures from 12.7 to 25.6° C., dis- 
charges from 370 to 4,200 e.f.s., and 
oxygen deficits above pollution from 
— 0.4 to 7.48 p.p.m. 

For the higher observed flows the 
D.O. drop was negative, as explained 
previously, and the prediction equa- 
tion, of course, yielded negative values 
for this condition. The coefficient of 
multiple correlation was 0.952. This 
value is highly significant since the 
value of R for the one per cent point 
is 0.516 for the number of observa- 
tions and variables considered. 


Conclusions and General Comments 


The authors believe the proposed 
method of stream analysis is worth 
considering by a pollution control 
agency, municipality, or industry that 
has a desire to determine the pollution 
absorptive capacity of the receiving 
stream. Only after such studies are 
made ean realistic degrees of needed 
waste treatment be determined. 

Application of the method requires 
brief, periodic, observations of stream 
conditions over a period of several 
months. During this period a range 
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of conditions will be observed, and the 
prediction equations resulting are 
more reliable for critical conditions. 

Since water travel data are not 
needed, and since long-term inecuba- 
tion of B.O.D. samples is not neces- 
sary, the cost of collecting the neces- 
sary data is reasonable. This is partic- 
ularly true for industries and munici- 
palities studying only one local river 
reach, but it is also true for agencies 
studying a number of river reaches in 
the same general area inasmuch as 
several reaches can be sampled on the 
same field trip. 
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The authors are well aware that this 
approach to stream analysis is a radi- 
eal departure from previous methods. 
They also recognize that the procedure 
diseussed herein can be improved ma- 
terially as more experience with it is 
obtained. ‘ 
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REMEMBER LOS ANGELES, OCTOBER 8-11, 1956 


How are you going to the Los Angeles Meeting? There are 
many ways, but your trip will be a memorable one if you join others 


by special train from New York via Chicago. 


A posteard or letter 


to the Federation office will help with such arrangements. 


Don’t miss the year’s top gathering of people and equipment in 
the sewage and industrial wastes field. 
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Research Forum" 


and discuss projects and mutual problems. 


Federation’s Annual Meeting. 


The idea of a Research Forum as an integral part of the Annual Federation 
Meeting has been in the minds of various persons for a number of years. The in- 
creased emphasis on research needs in sewage and industrial wastes made the inclusion 
of this subject in the Annual Meeting Program most appropriate. The Forum pro- 
vides research personnel and others interested in research an opportunity to meet 


Response to the first Research Forum held at the 1955 Annual Meeting of the 
Federation was most gratifying. University faculty members engaged in research work 
were enthusiastic in providing a selection of papers for consideration. Meeting at- 
tendance and participation in discussion were excellent. Accordingly, the Board of 
Control has approved in principle the Research Forum as a regular feature of the 


The leader of the 1955 Forum was George E. Symons, consultant and technical 
editor, of Larchmont, N. Y. At the session, each participant presented a 25-minute 
oral commentary on his research work. The papers presented in this section of the 
Journal are the formal manuscripts prepared by the Forum participants. 


BIOLOGICAL PURIFICATION OF CITRUS WASTES 


By James B. Lackey, Wiuson T. CaALAway, AND GrorGEe B. Moraan 


Professor of Sanitary Science, Assistant Professor of Sanitary Science, and Assistant in 


Almost any organic compound is sus- 
ceptible to attack by some living organ- 
ism. Those organic mixtures which 
are attacked by the greatest variety of 
organisms are usually readily soluble, 
are approximately neutral, are non- 
toxic to living protoplasm, are short- 
the volume of fruit treated are certain 
available phosphorus in excess of 0.01 
p.p.m. and nitrogen in excess of 0.2 
p.p.m. As a substance is removed 
more and more distant from these con- 
ditions, fewer and fewer kinds of or- 
ganisms use it as a source of energy, 
until at the greatest extremes of en- 
vironment, the compound is virtually 
unassailable. 

There are some 40 citrus processing 
firms in Florida and their number and 
the volume of fruit treated are certain 
to increase. They all produce some 
wastes and in many cases, treatment 
by dilution is impossible, or will be 


* Presented at the 28th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Atlantic City, N. J.; Oct. 10-13, 
1955. 
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eventually. Therefore, it has become 
highly pertinent to consider the treat- 
ment of this type of waste. 

Citrus wastes are quite variable in 
composition from one processing plant 
to another and with time. Depending 
on what operations a processor carries 
out, the wastes may range from a thin 
watery material with a low B.O.D. 
value to press liquor, which is an ‘‘ex- 
treme’’ waste high in B.O.D. The 
larger processors, however, will have 
mixtures approximating the ‘‘normal’’ 


TABLE I.—Analysis of Citrus Wastes 


Citrus 
Determination Press Liquor Wastes 
(normal) 
pH range 3.8-6.4 3.92-4.68 
Brix seales' (°) 10.1 1.12 
Total solids (%) 5.63 0.699 
Total sugar (%) 6.63 1.20 
Pectin (%) 0.34 0.014 
Protein (N 6.25) 0.31 0.075 
Essential oils (per cent by 0.23 0Al 
vol.) 

B.O.D. range (p.p.m.) 35,000-55,000 | 3,500-8,800 


! Arbitrary hydrometer scale for expressing 
specific gravity of liquids, especially sugar 
solutions. 
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waste shown in Table I. The available 
phosphorus is not shown; some is pres- 
ent but not sufficient to give a satis- 
factory nitrogen to phosphorus ratio 
(N/P), or enough total quantities of 
either. Based on some previous stud- 
ies, however, it would seem that such 
substances are amenable to biologic 
attack. 

Actually these wastes can be puri- 
fied by anaerobic biologie action but 
the process is lengthy. Furthermore, 
the action produces exceedingly ob- 
jectionable odors. It is virtually im- 
possible to impound the liquors for a 
sufficient storage time for complete 
purification; any storage must be in 
the open because of the volume con- 
cerned, which augments the odor prob- 
lem. In addition, the pH range is sub- 
ject to wide and destructive changes 
because alkali from the wash-up oper- 
ations is added to the processing plant 
effluent at varying intervals. These 
factors interfere with anaerobic treat- 
ment. 

Any satisfactory solution to the cit- 
rus waste problem must satisfy a num- 
ber of criteria. The treatment process 
must be geared to the economy of the 
particular processing plant. It must 
be operative for only a portion of the 
year. Excessive odor production must 
be avoided because frequently the cit- 
rus plants are in heavily populated 
areas. Furthermore, the process must 
be flexible enough to operate at vary- 
ing loads. Fluctuations in the pH 
value of the waste must be smoothed 
out. Finally, there must be made 
available additional nitrogen and phos- 
phorus. These conditions indicate the 
complexity of the problem. 


Treatment 
Review 


The only methods of treatment in 
vogue when this study was initiated 
were dilution and lagooning. At 
Plymouth and Winter Haven, Fla., 
wastes were settled as much as feas- 
ible, and allowed to pass through a 
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long series of shallow lagoons. These 
provided variable detention times, but 
generally speaking, the reduction in 
B.O.D. was not satisfactory or else 
there was none. Dissolved oxygen was 
not acquired and odors were a serious 
problem. 

The Florida State Board of Health 
operated a citrus waste research proj- 
ect (1) at Plymouth from March, 1952, 
to June, 1953. The results of this 
study were stated to be encouraging, 
and the data amply proved the point. 
Raw citrus wastes from a processing 
plant were used in the studies. More 
recently Dougherty, Wolford and 
MeNary (2) reported on the results 
obtained with the activated sludge 
method of treatment using a recon- 
stituted waste made from orange juice, 
diluted with tap water. McNary et 
al. (3) (4) (5) had previously reported 
on attempts at anaerobic treatment. 
McKinney, Poliakoff and Weichlein 
(6) considered the problem of nitrogen 
deficiency in relation to treatment. 


Experimental 


Since no satisfactory treatment was 
in use, the initial work was to deter- 
mine the biota concerned with the 
breakdown of citrus waste. On mi- 
eroscopie examination bacteria, yeasts, 
green flagellates, principally of the 
genera Euglena, Chlorogonium and 
Chlamydomonas, were identified; in 
addition, a few ciliates and colorless 
flagellates of anaerobic types were 
found. The last lagoons in the series 
of lagoons at Plymouth and the lake 
beyond, although green at times with 
the above mentioned flagellates, showed 
no dissolved oxygen. The trickling 
filters in the work by O’Neal at Plym- 
outh had a more extensive biota (1), 
enough to indicate the possibility of a 
balanced population under conditions 
of aeration. 

A primary consideration for any of 
the following methods of treatment has 
been to obtain as much settling as 
possible, followed by lime addition to 
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bring the pH value up to approxi- 
mately 9.0. 

Contact aeration was first tried 
using a mixture of citrus waste and 
domestic sewage which was allowed to 
flow over baffle plates. Good balanced 
biotas were developed, but only as long 
as the citrus waste was not allowed to 
exceed 20 per cent of the mixture. In 
4 hr. a B.O.D. reduction of 39 per cent 
was achieved, and the effluent was 
clear. This indicated possible treat- 
ment in municipal sewage treatment 
plants, as long as the dilution factor 
was 5 to 1 or greater. Since nitrogen 
and phosphorus were present in the 
sewage, it also indicated the advisabil- 
ity of adding them if higher concen- 
trations of citrus waste were treated. 

Contact aeration in a small lagoon 
system (Figure 1) was tried next. 
Here again it proved necessary to keep 
the dilution with raw sewage as high 
as 80 per cent. In addition, heavy 
scums formed on top and interfered 
with atmospheric aeration. An exten- 
sive overhead sprinkling system using 
lake water was constructed over the 


lagoons at Winter Haven. This pre- 
vented scum formation, but since 


FIGURE 1.—Concrete lagoon system for 
citrus waste studies, University of Florida, 
Gainesville, Fla. 
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no sewage (nitrates, phosphates) was 
added the process continued to be an- 
aerobie and odor production was in- 
creased. 

Two 48-gal. activated sludge tanks 
were constructed next at the Sanitary 
Research Laboratory of the University 
of Florida. One run of these units has 
resulted in as high as 67 per cent 
B.O.D. reduction when the initial load- 
ing was 3,500 p.p.m. of B.O.D. At 
this time an addition of 50 p.p.m. 
of nitrogen (as NH,NO,) was being 
made. The biota consisted almost en- 
tirely of branching fungi (Phycomy- 
cetes). However, a badly bulking 
sludge was formed and the B.O.D. re- 
moved from solution was, of course, 
incorporated in this sludge. Unless 
such sludge can be settled out, and re- 
moved with its load of B.O.D., the 
process becomes virtually useless. 

A trickling filter was constructed at 
Winter Haven and loaded with well- 
aerated (6 hr.) citrus waste to which 
the equivalent of 50 p.p.m. of nitrogen 
had been added. An excellent biota 
developed. After a series of biotic 
successions, a stable flora and fauna 
resulted, and this two-stage process 
gave the most promising results to 
date. Long aeration time can be se- 
cured at not too great cost, but the fil- 
ter size necessary for large volumes of 
processing plant effuent would be very 
costly. This process, while successful, 
does not now appear too promising be- 
eause of cost. At present it is uncer- 
tain as to whether the effluent from 
this filter can be aerobically lagooned. 

Lagooning at Winter Haven, follow- 
ing 4 to 7 hr. of aeration, addition of 
nitrate, and some dilution with lake 
water, has been intermittently success- 
ful. At times the lagoons have devel- 
oped a fairly good stagnant water 
biota. But any upset, such as a heavy 
slug of caustic coming through, would 
invariably upset this balance and 
bring a return of anaerobic conditions. 

Citrus processing plants close in the 
summer and open perhaps as late as 
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November first. Impracticability of 
freezing, storing and shipping several 
hundred drums of normal citrus waste 
led to the use of press liquor at the 
Sanitary Research Laboratory, since 
one volume of press liquor can be di- 
luted up to 12 times to produce a 
B.O.D. of 2,000 to 3,500 p.p.m. 

Laboratory experiments with this 
waste have demonstrated that if nitro- 
gen and phosphorus are fed and aera- 
tion continued for 8 to 10 hr., ex- 
cellent sludges which settle well and 
accomplish up to 90 per cent purifica- 
tion can be produced. These sludges 
have a good mixed biota, including 
large quantities of Zooglea ramigera. 
This last development in treatment is 
the most promising thus far. It, too, 
has problems, one being the occasional 
occurrence of a viscous condition. At- 
tempts to develop a sludge ‘‘adapted’’ 
to no-nitrogen feed have not been suc- 
cessful, but the cost of feeding is not 
prohibitive. 


The Biota 
Yeasts, Bacteria, Fungi 


The waste is invariably seeded with 
bacteria, yeast and fungus spores from 
the raw fruit washing, in addition to 
the process plant wash water. It has 
been demonstrated that the yeasts al- 
most immediately ferment the sugars, 
and there is consequently a quick loss 
of dissolved oxygen and a rapid drop 
in the pH value so that the action of 
the yeast is short lived. Aeration pro- 
longs it but only for a limited time. 
Below a pH value of 4.0 or 4.5 the 
yeasts cease to function, if one may 
judge by their low numbers and the 
absence of budding cells. 

Many free-living non-zoogleal bac- 
teria also are present in these early 
stages and recent papers by Barker 
(7) and Nickerson (8) indicate that 
these may be organisms such as Aceto- 
bacter and Leuconostoc, tolerant of 
acid, facultative, and perhaps active in 
transforming certain waste components 
into ketones and aleohols which are 
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then utilized by methane producing 
bacteria. Certainly methane forma- 
tion begins after considerable fermen- 
tation has occurred. There is also a 
quick breakdown of at least some of 
the protein of the press liquor (a part 
of this is due to enzymes liberated 
from the crushed fruit). Since there 
are no microscopic animals present 
and limited quantities of fungi, it ap- 
pears that this is the type of process 
described by Delwiche (9) in which 
ammonia is formed. Indeed, ammonia 
may be formed to such an extent as to 
be easily detected by odor. Further- 
more, under aeration there is no pro- 
duction of objectionable odor. 

If, following aeration but without 
feeding nitrogen or phosphorus, the 
waste is allowed to flow slowly through 
lagoons, it quickly becomes anaerobic 
and methane production results. Some 
of this gas could be produced from 
readily available carbon dioxide, but 
organisms resembling Sarcina metha- 
nica and Methanobacterium are abun- 
dant in the lagoons and are probably 
in an optimum milieu. At the same 
time, the odors are suggestive also of 
sulfides and amines. 

Zooglea ramigera and Sphaerotilus 
are never visible under these condi- 
tions. This is rather interesting too, 
because Sphaerotilus grows in vast 
abundance in the barometric-leg water, 
which contains only a small amount of 
organic matter. However, it probably 
utilizes the sulfur abundant in this 
water. 

Prolonged aeration, however, espe- 
cially of diluted waste or followed by 
feeding nitrogen and phosphorus, pro- 
duces good growths of Zooglea, pre- 
sumably Z. ramigera. It also produces 
heavy growths of fungi and some 
Sphaerotilus. The fungi which are 
easily isolated and presumably most 
abundant are shown in Figure 2. Be- 
cause of the substantial reduction in 
B.O.D. when the fungi were abundant, 
studies of their effectiveness in pure 
culture are under way. The appara- 
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FIGURE 2.—Fungi isolated from citrus waste. 


tus for this is shown in Figure 3. As- 
suming that sterilizing the waste does 
not change its composition too greatly, 
the reduction accomplished by any 
single species of fungus thus far has 
been lower than that accomplished by 
a mixed biota. On the whole, the best 
oxidized sludges have been produced 
when a mixture of fungi, dominated 
by Zooglea, has been present. 


Flagellates 


The above floras have been charac- 
teristic of high carbon, low nitrogen, 
low phosphorus substrates. The carbo- 
hydrate materials such as sugars and 
citric acid, etc., also support at times 
large flagellate populations. Mention 
has been made of Euglena gracilis, 
Chlorogonium euchlorum, Chlamydo- 
monas sp. and at times Spondylomo- 
rum as common to the Plymouth la- 
goons. These same species also oc- 
eurred at Winter Haven and at times 
in the experimental waste treatment 
plants at Gainesville. They typically 
synthesize starch, as does one of the 


colorless flagellates, 
abundant at times. 

Most common are anaerobic flagel- 
lates, which are bacteria-eaters. Al- 
though they never attained the num- 
bers of the green forms, it is doubtful 
if any green or colorless flagellate ever 
attained significant numbers in any of 
the treatment processes. 


Polytoma, also 


Ciliates, Other Microscopic Forms 


Vorticellids are generally supposed 
to indicate a good sludge if present in 


large numbers. These and other free- 
living aerobic ciliates at times were 
abundant in the experimental waste 
treatment plants, including the trick- 
kling filter. But the lagoons rarely 
contained any ciliates; when present 
they were generally anaerobes. Cili- 
ates never appeared as abundantly or 
in as great diversity as in activated 
sludge or trickling filter film from 
domestic sewage treatment plants. 
Neither did amoebae or, for that mat- 
ter, bacteria-eating flagellates. 
Altogether, it was inferred that none 
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of the methods of treatment produced 
a well balanced substrate, and that 
such oxidation as could be secured 
must be the work of a limited group— 
an ‘‘adapted’’ group. There is noth- 
ing wrong with such a situation. But 
if it exists, it should be recognized and 
any manipulation of the situation 


should be directed towards favoring 
those organisms doing the effective 
work. This was well demonstrated in 


FIGURE 3.—Laboratory apparatus for 
studying removal of B.O.D. from citrus 
waste by one species of organism. Upper 
bottle contains sterile waste which trickles 
through cylinder inoculated with a single 
species. 
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AERATION TIME (hours) 
FIGURE 4.—Maximum settling of citrus 


waste solids occurs between 2 and 4 hr. 
aeration. 


the Winter Haven trickling filter, 
which at first was colonized by fungi 
and yeasts. Then the yeasts supported 
a large population of the small fly, 
Drosophila. These were succeeded by 
other flies, nematodes, and finally a 
fairly stable population of fungi and 
protozoa, which was quite effective in 
B.0.D. reduction. 


Chemical Aspects 


Reference to composition of citrus 
wastes has already been made.  In- 
herent factors deterrent to biological 
treatment are: 


1. Imbalance due to high carbon, 
low nitrogen, low phosphorus. 

2. Low pH, 3.5 to 4.7, due to as 
much as 35 g. per liter of citrie acid, 
in addition to citric-acid salts. 

3. Toxicity of the soap used for pro- 
ducing added color. 

4. Toxicity of one fraction of peel 
oil. 

5. Fluctuations in composition. 

6. High B.O.D. 


The first step in removal of B.O.D. 
was to settle out as much of the solids 
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as possible. This is very difficult with 
citrus waste, since a considerable quan- 
tity of the solids is colloidal, there is 
a high viscosity and the electrostatic 
condition is unfavorable. Figure 4 
shows a relationship between aeration 
and settling, and indicates that the 
maximum settling is accomplished fol- 
lowing 2 to 4 hr. of aeration. While 
this removes a considerable amount of 
B.0.D., a sufficient quantity remains 
to be a problem (Figure 5). This re- 
moval is due to biologic action in an 
aerobic medium. 

The white portion of citrus peel 
(albedo) contains protopectins com- 
bined with cellulose by an ester link- 
age. Extraction processes release this 
protopectin-cellulose, as well as proto- 
pectinase, which then hydrolyzes the 
linkage, converting the insoluble pro- 
topectin to soluble pectin. This is a 
hydrophyllic colloid, slightly nega- 
tively charged—a molecule with a 
large shell of hydration. If the pH 
value is raised from about 3.5 to 7.0 
(a desirable step) with strong alkali, 
the pectin is converted to pectic acid 
by demethoxylation. Pectic acid is 


secondary 


sludge 


2% secondary 


6 8 10 
HOURS OF AERATION 


FIGURE 5.—Relation between decrease in 
B.O.D. and hours of aeration. 
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insoluble, will not settle, and is largely 
immune to biologic attack. 

Pectin removal may be accomplished 
in part by fungi developing in aera- 
tion tanks where the detention time is 
6 hr. or longer. Enzymes produced 
by the fungi, such as demethoxylases 
and polygalacturonases, break the long 
carbon chains, producing polygalac- 
turonic acid which is susceptible to 
biologie attack. The fungi will thrive 
at a lower pH value than oxidizing 
bacteria and protozoa but the addition 
of lime to raise pH values to about 7.0 
enhances all biologie action (of an 
aerobic type) and aids settling. In 
addition, it breaks the citric acid- 
citrate buffer system; once broken, 
only small amounts of alkali are nece- 
essary to further raise the pH. But 
the initial requirement may be large. 

Other methods of inducing settling 
have been tried. Screening and cen- 
trifuging have not been successful 
(within economic limits), nor has me- 
chanical flocculation. Many chemicals 
such as ferric chloride, ferrous am- 
monium sulfate, alum, activated silica 
and activated carbon have been tried 
and discarded as not producing satis- 
factory settling. 

Since the principal B.O.D. compo- 
nent is carbohydrate in the form of 
sucrose, reducing sugars and starches, 
the pH problem is due largely to their 
incomplete oxidation. The lack of 
nitrogen accentuates the problem. 
Therefore, supplying nitrogen and 
phosphorus should permit more bio- 
logic activity, maintain pH values at 
desirable levels, and allow complete 
oxidation. This is also the reason for a 
long aeration period. As long as the 
process is kept aerobic, no odor prob- 
lems from mercaptans, amines or sul- 
fides are present. 


Discussion and Resume 


Most natural waters receive organic 


substances in the natural course of 
events. These may be human and ani- 
mal excrement, bodies of dead animals, 
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dead vegetation, or complex wastes 
from manufacturing processes. The 
usual succession of organisms in de- 
stroying these wastes is a sixfold suc- 
cession: bacteria; colorless flagellate 
and amoeboid protozoa; ciliate proto- 
zoa, rotifers and minute worms; green 
algal forms; crustaceans, and insect 
larvae; and fish. The green algal 
forms are continuously active after 
they once appear, until the cycles of 
mineralization and transformation of 
dead organic matter into living bodies 
are completed. 

Any deviation from this succession 
indicates some particular quality of 
the organic substrate. Blocking of the 
succession indicates a toxic agent; the 
appearance of large yeast populations 
may indicate large quantities of sugar. 
Nevertheless, the initial statement that 
virtually any organic substance is open 
to biologie attack remains true, and 
destruction of any waste becomes a 
question of determining the manipu- 
lation necessary to make that destruc- 
tion a satisfactory one. 


Cost 


Prime consideration is given to cost. 
If destruction of citrus waste is so 
costly as to make the price of citrus 
concentrate prohibitive, the process is 
useless. Bearing this in mind, the use 
of the refuse from the processing op- 
erations as by-products has been ex- 
haustively explored by the citrus proc- 
essors. The use of dilution, where 
sufficient, is herein advocated, but with 
the caution that it is a dangerous ex- 
pedient and must be kept under care- 
ful observation. Anaerobic treatment 
in open lagoons is unsuecessful be- 
cause of slowness and the development 
of odor. Closed tanks for such treat- 
ment are deemed too expensive because 
of the great volume which must be 
handled. 


Aeration 


Aeration alone is a help, either in 
an aeration chamber or a trickling fil- 


RESEARCH FORUM—CITRUS WASTES 


545 


ter. But because of the large amount 
of suspended solids, and because of the 
buffer systems of the liquor, it removes 
an insufficient amount of B.O.D., and 
it is accompanied by a quick drop in 
the pH value, hindering further bio- 
logic attack following aeration. Re- 
moval of as much suspended matter 
as possible is therefore necessary. Of 
the many methods tried, the addition 
of lime followed by mechanical floccu- 
lation has thus far been most suc- 
cessful. 

Sufficiently prolonged aeration to 
allow the initial step in destruction 
has been determined to require 6 to 8 
hr. The initial step in this case is a 
bacteria-yeast process. The addition 
of phosphate and nitrate, up to 10 and 
50 p.p.m. respectively, enables the sec- 
ond and third steps in succession to 
occur. If pH control is included, the 
third step is aided greatly and the 
fourth step will occur. It would seem 
that the waste treatment plant effluent 
is ready at this stage for a discharge 
to a receiving water. 

One further factor has proved 
troublesome, at least in the laboratory. 
This is bulking of the sludge in the 
aeration process. It has not been un- 
common to develop a process whose re- 
duction reaches 80 per cent. Unfor- 
tunately, the sludge frequently refuses 
to settle. Examination may show an 
abundance of Zooglea ramigera, cili- 
ates, a few flagellates and rhizopods, 
and massive growths of Sphaerotilus. 
The B.O.D. has been removed from 
solution, and is in the bodies of 
the organisms mentioned. But unless 
these bodies can be settled out and 
withdrawn, the B.O.D. loading will, be 
returned upon their decay. It appears 
that bulking is at present an unsolved 
problem. 


Effluent Discharge 


Whether or not the effluent can go 
into a receiving stream is still depend- 
ent on several factors. One of these 
is the dissolved oxygen content of the 


_ 
3 
x 
j 
4 
| 
i 
wore 


546 


effluent; if it is anaerobic, dilution by 
the receiving stream must be com- 
puted. Another factor is the B.O.D. 
load still carried in the effluent. Thus 
even a 90 per cent reduction of a 3,500 
p.p.m. B.O.D. load would leave 350 
p.p.m. of B.O.D. for the stream to oxi- 
dize. A large industry on a small 
stream would overload the stream. It 
appears, however, that lagooning the 
effluent following the treatment de- 
scribed may allow the development of 
a mixed biota sufficient to accomplish 
the final necessary reduction. The ef- 
fluents of many waste treatment plants 
treating domestic sewage form streams 
with no dilution and in which fish 
thrive. 
Conclusion 

Apparently then, citrus waste can 

be treated biologically, provided cer- 


tain routines are followed. These are: 


1. Dilution of the waste to a maxi- 
mum of 3,500 p.p.m. of B.O.D. 
2. Treatment with lime to achieve a 


pH value of 9.0, followed by mechani- 
cal flocculation and removal of floccu- 
lated 

3. Careful 
plant wash up operations so that slugs 


solids. 


control of processing 
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of caustic are held in a receiving tank 
and discharged slowly into the effluent 
line. This caustic, however, is valu- 
able in small quantities in aiding the 
maintenance of a high pH value. 

4. Aeration for at least 6 hr., but 
preferably 8 hr. 

5. Addition of 5 to 10 
phosphate and 30 to 50 
nitrate. 

6. Finally, either putting the efflu- 
ent through a trickling filter or la- 
gooning it. 


p.p.m. of 
p.p.m. of 


This process is not unduly expen- 
sive, and it is not a great deviation 
from standard practice. It requires 
eareful control, however, and it has 
been successful on a laboratory and 
pilot plant scale. A good seeding from 
an activated sludge sewage treatment 
plant might be introduced initially 
into the aeration chamber. 
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METABOLISM OF AROMATIC COMPOUNDS BY 
ACTIVATED SLUDGE 


By Ross E. McKinney, Henry D. ToMiinson,t anp Rosert L. 


Respectively, Assistant Professor of Sanitary Engineering and Graduate Students, 


The stabilization of complex wastes 
from the chemical and the petroleum 
industries is becoming an ever-increas- 
ing problem. Many of these wastes 
contain aromatic compounds which, 
until a few years ago, were thought to 
be toxie to biological treatment sys- 
tems. Yet, in spite of pressure from 
these industries for economical waste 
disposal systems, biological treatment 
is still being regarded as the final al- 
ternative after all physical and chemi- 
cal treatment methods have been found 
uneconomical. The prime reason for 
the aversion of these industries to bio- 
logical treatment of the wastes is the 
lack of information concerning the sta- 
bility of the systems and the loads 
which can be applied safely. 

The most common aromatic com- 
pound in industrial wastes is phenol. 
Because of the widespread use of phe- 
nol as a disinfectant, it has become a 
common criterion to exclude, if at all 
possible, from biological treatment 
units any wastes containing phenol or 
related aromatic compounds. Review 
of the literature shows that it has not 
been possible to exclude all phenolic 
wastes from biological treatment sys- 
tems. In 1929, Mohlman (1) reported 
that ammonia still wastes (phenolic) 
could be satisfactorily treated with do- 
mestic sewage, provided the dilution 
was at least 1:19 by volume. At this 
same time, the Dow Chemical Com- 
pany in Midland, Mich., was experi- 


+ Present address: Kentucky State Depart- 
ment of Health, Louisville, Ky. 

t Present address: Permutit Company, New 
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menting with trickling filtration for 
the treatment of its phenolie process 
wastes. 

Harlow et al. (2) found that it was 
possible to obtain 90 per cent phenol 
removal from wastes containing 20 to 
30 p.p.m. phenol. Eldridge (3) ob- 
tained 80 per cent phenol reduction 
for phenol wastes up to 80 p.p.m. on 
a shallow trickling filter but only 50 
per cent removal at 120 p.p.m. phenol. 
Using a two-stage filter system he ob- 
tained complete removal of phenol in 
a synthetic waste containing 180 p.p.m. 
phenol. In 1952, Coe (4) reported on 
the treatment of refinery wastes con- 
taining 100 p.p.m. phenol by activated 
sludge with 90 to 95 per cent removal 
being obtained with 9 to 12 hr. aera- 
tion. The latest treatment plant for 
handling phenolic wastes is that of 
Imperial Oil at Sarnia, Ont., (5) 
where approximately 0.5 m.g.d. are 
handled by activated sludge and trick- 
ling filters. In spite of these studies, 
little is known about the stabilization 
of phenolic wastes by biological treat- 
ment systems. 


Bacterial Metabolism 


The bacteriologists first discovered 
bacteria which metabolized aromatic 
compounds in 1908 (6). Since that 
time many different species of bacteria 
have been isolated from the soil which 
could utilize the various aromatic 
compounds as their sole source of en- 
ergy. Evans (7) became interested in 
how the bacteria broke down the ring 
structure and postulated a series of 
oxidative reactions from phenol to 
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o-benzoquinone with a break in the 
ring and further oxidation to carbon 
dioxide and water. Stanier (8) de- 
vised the concept of simultaneous 
adaptation; t.e. bacterial adaptation 
to a single compound results in adapta- 
tion to all of the metabolic intermedi- 
ates. With this concept, Stanier 
studied the metabolism of phenol by 
Pseudomonas fluorescens and set forth 
the currently accepted theory of phen- 
nol metabolism. That is—phenol is 
oxidized to catechol whereupon the 
ring splits and is further oxidized to 
beta-ketoadipie acid and then to suc- 
cinie acid. The succinic acid enters 
the oxidative citric acid cycle where it 
is completely oxidized to carbon di- 
oxide and water. 

For the most part, the investigators 
of the practical aspects of the disposal 
of phenolic wastes have ignored the 
work of the pure bacteriologists even 
though they were both interested in 
the same problem, metabolism of aro- 
matic compounds. The bacteriologists 
isolated many common soil bacteria 
which were capable of oxidizing phe- 
nol and related aromatics and cultured 
them in solutions having 0.1 to 0.5 per 
cent aromatics. These solutions were 
much stronger than those encountered 
in industrial wastes and the growth in 
them indicated a greater microbiologi- 
eal tolerance than has been obtained 
even at this date in waste treatment 
systems. This paper reports on: (a) 
how the engineer can use the bac- 
teriologists’ information to design ex- 
periments on the stabilization of pure 
aromatic compounds; (b) the inter- 
relationships in the metabolism of the 
common aromatics; and (c) a detailed 
study of the metabolism of phenol. 


Procedures 

Activated sludge was used in these 
studies since it is by far the most effi- 
cient biological treatment system in 
practice today for industrial waste dis- 
posal. The activated sludge units 
were of the fill and draw type, each 
containing 1.5 1. of mixed liquor. Air 
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was supplied through carborundum 
diffusers at a rate designed to keep the 
sludge in suspension. This quantity 
of air more than satisfied the biologi- 
cal demand for oxygen. Each unit was 
aerated for 23 hr., and settled for one 
hour. At that time one liter each of 
supernatant wastes and feed were 
added and aeration resumed. This op- 
eration simulated a continuous flow 


system having an aeration period of 
23 hr. and complete sludge return. 

Initially, the activated sludge units 
were started on a synthetic sewage of 
the following composition : 


500 p.p.m. glucose 
500 p.p.m. nutrient broth 
1,000 p.p.m. potasium phosphate, 
dibasic 
325 p.p.m. ammonium phosphate 
50 p.p.m. sodium chloride 
50 p.p.m. calcium chloride 
50 p.p.m. magnesium sulfate 
10 p.p.m. ferrie chloride 


The synthetic sewage was seeded with 
100 ml. of settled sewage as the source 
of micro-organisms. After a satisfac- 
tory quantity of activated sludge had 
been built up and a clear supernatant 
produced, the systems were acclimated 
to the pure aromatic compounds. 
The acclimation procedure consisted 
of adding 10 per cent of the final aro- 
matic concentration to the desired unit 
and reducing the nutrient broth and 
glueose concentration by 10 per cent 
for two days and then increasing the 
aromatic concentration to 20 per cent 
for the next two days. This procedure 
was repeated until the activated sludge 
was being fed only the pure aromatic 
compound together with the inorganic 
nutrient salts. In all, 9 systems were 
acclimated to the following aromatics: 
phenol, o-cresol, m-cresol, p-cresol, 
benzyl alcohol, mandelic acid, anthrani- 
lie acid, benzoie acid, and catechol. 


Results 


In the initial study only seven ac- 
climated systems were used; the ben- 
zoic acid and the catechol systems were 
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TABLE I.—Per Cent Theoretical Oxidation of 250 }>.P.M. Aromatics by Acclimated 
Activated Sludges After 12 Hr. of Aeration’ 


Activated Sludges Accli 


ted to Ar 


Aromatics 
Ved 


Phenol o-cresol m-cresol p-cresol 
Phenol 39 34 37 20? — 15* 20? 
o-cresol 34 35 29 6 — 9 — 
m-cresol 37 41 38 2 13? 
p-cresol 33 34 35 39 —_— 20 _ 
Benzoate 37 31 37 37 37 37 37 
p-OH benzoate 42 41 37 39 38? _ 44 
Catechol 13 34 22 30 22 26 10 
Benzaldehyde 38 30 35? 


* Adaptive metabolism. 


not started until the second phase of 
this investigation. The activated 
sludge units were acclimated to 500 
p.p.m. of the aromatic compounds. 
After each system had been fed the 
desired compound for at least a week, 
Warburg studies were made to deter- 
mine its ability to oxidize the aromatic 
compound being fed as well as other 
aromatics. It is impossible to present 
all of the results obtained in the War- 
burg studies and only the per cent 
theoretical oxidation of the aromatics 
after 12 hr. aeration is given in Table 
I. The concentration of aromatics 
used in the Warburg studies was 250 
p.p.m., just one-half of the concentra- 
tion used in the daily feed. The lower 
concentration was used to keep the to- 
tal oxygen uptake in the Warburg 
from becoming too large, thereby pre- 
venting accurate readings. 

The data show that phenol nceli: 
mated activated sludge was able to 
metabolize phenol, o-cresol, m-cresol, 
p-eresol, benzoie acid, p-hydroxyben- 
zoic acid, and benzaldehyde to ap- 
proximately the same extent in 12 hr., 
one-third of the theoretical oxidation, 
but catechol was metabolized only to 
13 per cent. The Warburg data indi- 
cated that all these substrates were 
readily metabolized and yielded the 


1 Corrected for endogenous metabolism and nitrification. 


same shape oxidation curve. Since 
these compounds are all structurally 
related, the similarity in oxidation is 
not unexpected. The o-cresol and 
m-cresol systems showed the same type 
of results as the phenol system. The 
p-cresol acclimated activated sludge 
did not act exactly as the other cresols. 
P-cresol activated sludge showed com- 
parable results for p-cresol, benzoic 
acid, p-hydroxybenzoic acid, and cate- 
chol but showed adaptation to phenol, 
o-cresol and m-cresol. Up until the 
present time, it has not been possible 
to ascertain why the p-cresol accli- 
mated sludge showed adaptive tend- 
encies toward these latter compounds. 

Benzyl alcohol acclimated sludge 
showed normal metabolism for benzal- 
dehyde, benzoic acid, and catechol with 
adaptive metabolism for p-hydroxyben- 
zoic acid. Considering the normal 
metabolism from alcohol to aldehyde to 
acid, the results are as expected. The 
adaptive tendency towards p-hydroxy- 
benzoic acid points to the importance 
of substituted groups on the ring 
structure. The introduction of a hy- 
droxy group in the para position 
slowed metabolism down until a bio- 
chemical modification could be made. 
Considering the extent of oxidation at 
12 hr., it is obvious that this biochemi- 
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cal change was a minor one and was 
made very quickly. Mandelic acid is 
beta-hydroxyphenylacetic acid and is 
related metabolically to benzoic acid. 
The mandelic acid sludge rapidly 
metabolized benzyl alcohol, benzoic 
acid and eatechol while showing 
adaptation to phenol, o-cresol, m-cresol 
and p-cresol. Anthranilie acid is 
o-aminobenzoic acid and its acclimated 
sludge showed normal metabolism 
for both benzoie acid and p-hydroxy- 
benzoic acid. It showed adaptation to 
phenol and benzaldehyde, and slight 
utilization of catechol. The adaptive 
metabolism of benzaldehyde is natural 
since benzaldehyde is more reduced 
than benzoie acid and the biochemical 
reactions must be modified to handle 
the aldehyde oxidation. The mixed 
liquor suspended solids for these sys- 
tems ranged from 320 p.p.m. for the 
phenol system to 5,740 p.p.m. for the 
p-cresol system. 


Second Phase of Study 


The second phase of this investiga- 
tion dealt with three acclimated acti- 
vated sludges: phenol, benzoic acid, 


and catechol. These sludges were ac- 
climated to a daily feed of 500 p.p.m. 
in the same manner as the first series 
of units. Warburg studies were made 
on these sludges with 500 p.p.m. or- 
ganic substrates rather than with 250 
p.p.m. as in the first phase. The mixed 
liquor suspended solids were 5,230 
p.p.m. for the phenol unit, 3,310 p.p.m. 
for the benzoic acid unit, and 6,640 
p.p.m. for the catechol unit. Each ac- 
climated sludge was tested as to its 
ability to metabolize phenol, catechol, 
resorcinol, hydroquinone, pyrogallol, 
benzoic acid and benzyl aleohol. The 
purpose of these runs was to determine 
if there were any apparent metabolic 
differences among the three systems. 
Phenol acclimated sludge rapidly me- 
tabolized all the substrates except hy- 
droquinone. The benzoic acid accli- 
mated sludge was unable to 
metabolize hydroquinone and showed 


also 
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adaptation to benzaldehyde. The 
catechol system reacted like the phe- 
nol system except that it was able to 
adapt to hydroquinone. The data are 
shown in Table II. It was apparent 
that all three systems had only minor 
biochemical differences and that the 
oxidation of the various aromatic com- 
pounds followed similar metabolic 
pathways. 


TABLE II.—Per Cent Theoretical Oxidation of 
500 P.P.M. Aromatics by Acclimated 
Activated Sludges After 12 Hr. 
of Aeration' 


Activated Sludges Acclimated 
to Aromatics 
Aromatic 
rer 


Benzoie 


Phenol Catechol 


Catechol 
Resorcinol 
Hydroquinone 
Pyrogallol 
Benzoic acid 
Benzy] alcohol 


Phenol 
} 
| 


1 Corrected for endogenous metabolism. 
? Adaptive metabolism. 


Phenol Acclimated System 


The results from the first two 
phases indicated that the ring struc- 
tures studied were for the most part 
metabolized by the same_ general 
scheme with minor variations caused 
by variances in the chemical structure. 
In order to determine the reasons for 
the metabolic variations, it was de- 
cided that the general metabolic pat- 
tern of one of the systems would have 
to be thoroughly investigated. The 
phenol acclimated system was chosen 
primarily because of its importance in 
the industrial waste field. Carbohy- 
drate metabolism was checked first. 
The per cent theoretical oxidation of 
500 p.p.m. carbohydrates after 12 hr. 
aeration is shown in Table III. The 
data show that the phenol acclimated 
micro-organisms had the necessary en- 
zyme systems to oxidize the simple 
pentose sugars as well as the simple 
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TABLE III.—Per Cent Theoretical Oxidation of 
500 P.P.M. Carbohydrates by Phenol 
Acclimated Activated Sludge After 
12 Hr. of Aeration 


Carbohydrates 


Theoretical Oxidation 
(%) 


Glucose 21 
Fructose 16 
Sucrose 16 
Arabinose 18 
Xylose 19 


hexose sugars. The per cent oxida- 
tions of the simple aliphatic organic 
acids and some of the citric acid eycle 
intermediates are shown in Table IV. 
All these compounds were rapidly me- 
tabolized indicating an ample concen- 
tration of beta-oxidation enzymes as 
well as the presence of a very active 
citric acid cycle. 

The ability of phenol sludge to me- 
tabolize some of the common amino 
acids which make up the cellular 
protoplasm is shown in Table V. The 
enzyme concentration for oxidizing the 
amino acids was small and showed 
adaptation to all amino acids except 
methionine. Adaptation to the amino 
acids is natural since all of the en- 
zymes connected with amino acid me- 
tabolism are related to the synthesis of 
protoplasm rather than oxidation of 
the amino acids. All of the enzymes 
whether synthetic or oxidative are re- 


TABLE IV.—Per Cent Theoretical Oxidation of 
500 P.P.M. Organic Acids by Phenol 
Acclimated Activated Sludge After 
12 Hr. of Aeration 


Theoretical Oxidation 


Organic Acids 
Formic | 66 
Acetic } 50 
Propionic | 40 
Butyric 30 
Heptanoic 
Octanoic 
Pyruvic 
Citric 
Succinic 
Fumaric 
Malic 
Glycolic 
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versible and interchangeable depend- 
ing on the substrate and the end prod- 
uct. The sudden addition of a large 
quantity of amino acid to the system 
in the Warburg flask caused a partial 
reversal of the synthesis enzymes to 
oxidative enzymes. The enzymes con- 
cerned with the particular amino acid 
were stimulated and the biochemical 
reactions were directed to increasing 
these enzymes in order to obtain all 
of the energy that was present and 
available in the system. For this rea- 


TABLE V.—Per Cent Theoretical Oxidation of 
500 P.P.M. Amino Acids by Phenol 
Acclimated Activated Sludge After 

12 Hr. of Aeration 


Theoretical Oxidation’ 
% 


Amino Acid 
Glycine 58 
Alanine 40 
Valine 36 
Leucine 24 
Norleucine 20 
Phenylalanine 24 
Threonine 34 
Glutamic Acid 38 
Arginine 40 
Histidine 13 
Tryptophan 21 
Hydroxyproline 36 
Methionine 16 


1 Adaptive metabolism, except for methio- 
nine. 


son all of the enzymes showed adapta- 
tion, increasing the oxidation of the 
particular amino acid as the enzymes 
increased. The slow rate at which 
methionine was metabolized made it 
impossible to determine for certain if 
the system was adapting or was going 
to hold at a constant oxidation. 


Oxidation of Aromatics 


The oxidation of aromatic com- 
pounds related to phenol and benzene 
are shown in Table VI. The cresols 
were metabolized in the same manner 
as in the first phase of this investiga- 
tion. The Warburg oxidation curves 
for the cresols are shown in Figure 
1. The ecresols follow phenol exactly 
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TABLE VI.—Per Cent Theoretical Oxidation of 
500 P.P.M. Aromatics by Phenol 
Acclimated Activated Sludge After 
12 Hr. of Aeration 


Theoretical 
Aromatics Oxidation 

(%) 
Phenol 33 
o-cresol 31 
m-cresol 30 
p-cresol 26 
2,4 dimethylphenol 16 
2,6 dimethylphenol 6 
3,4 dimethylphenol 27 
3,5 dimethylphenol 0 
p-Amino benzoic acid 2! 
Benzene 33! 
Toluene 47} 
Ethyl benzene 27) 
n-Propylbenzene 10! 
n-Butylbenzene 4! 
s-Butylbenzene 1 
t-Butylbenzene 1 
s-Amylbenzene 1 
t-Amylbenzene 1 


1 Adaptive metabolism. 


in the initial stage of oxidation with 
p-eresol stopping at a slightly lower 
level than the other compounds. The 
dimethyl substituted phenols showed 
a pronounced effect on oxidation (Fig- 
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FIGURE 1.—Oxidation of 500 p.p.m. 
phenol and cresols by phenol acclimated 
activated sludge. 
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FIGURE 2.—Oxidation of 500 p.p.m. 


phenol and dimethylphenols by phenol ac- 
climated activated sludge. 


ure 2). The 3, 4 dimethylphenol was 
oxidized slightly less than phenol and 
the 2, 4 and 2, 6 and 3, 5 substituted 
phenols showed progressively less oxi- 
dation. All three of the latter com- 
pounds showed definite indications of 
a metabolic block or blocks. Figure 3 
gives the oxidation curves for phenol, 
benzoic acid, benzyl alcohol, benzene 
and toluene. Phenol and benzoic acid 
followed identical oxidation while ben- 
zyl aleohol showed a slight adaptation 
in the oxidation of the aleoholic group 
to the carboxyl group. Benzene and 
toluene had to be adapted to before 
complete metabolism occurred. 

The rapid metabolism of the acidic 
compounds and the slower metabolism 
of neutral compounds pointed to a 
common pathway, beta-oxidation. If 
beta-oxidation were the prime bio- 
chemical reaction in phenol metabo- 
lism, the metabolism of the dihydroxy- 
phenols should indicate comparable 
metabolism for phenol and resorcinol. 
Figure 4 shows the same oxidative pat- 
tern for phenol and resorcinol while 
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catechol followed a similar pathway 
half-way and then changed the rate 
of oxidation. Hydroquinone was only 
slightly oxidized before forming a 
metabolic block. Thus, it appeared 
that beta-oxidation was the major bio- 
chemical reaction in the metabolism of 
phenol and quite probably in other 
benzene ring compounds. 

All the Warburg studies indicated 
that phenol was rapidly metabolized. 
Since the rate of oxidation and the 
rate of removal of phenol are of ex- 
treme importance in the design and 
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FIGURE 3.—Oxidation of 500 p.p.m. 


aromatic compounds by phenol acclimated 
activated sludge. 


operation of industrial waste systems, 
a Warburg test was made with mixed 
liquor suspended solids of 5,200 p.p.m. 
and a feed of 500 p.p.m. phenol. The 
oxidation curve is shown in Figure 5 
and the rate of oxygen uptake is shown 
in Figure 6. Both of these curves show 
extremely rapid oxidation. The in- 
itial oxidation was limited by the rate 
of oxygen transfer in the Warburg 
apparatus which is about four times 
as efficient as diffused aeration sys- 
tems. Thus, it was obvious that the 
primary consideration in industrial 
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FIGURE 4.—Oxidation of 500 p.p.m. 
phenol and dihydroxyphenols by phenol 
acclimated activated sludge. 


waste treatment plants handling phe- 
noliec wastes would not be one of tox- 
icity but rather one of oxygen transfer. 


Metabolic Balance 


In order to determine the over-all 
metabolic balance of a system metabo- 
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FIGURE 5.—Oxygen utilization for 500 
p.p.m. phenol by phenol acclimated acti- 
vated sludge. 
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FIGURE 6.—Rate of oxygen utilization 
for 500 p.p.m. phenol by phenol acclimated 
activated sludge. 


lizing phenol, wasting of mixed liquor 
suspended solids was started. One- 
third of the mixed liquor suspended 
solids was wasted daily with the sus- 
pended solids dropping rapidly to an 
equilibrium value of approximately 
370 p.p.m. at the start of the aeration 
period. After equilibrium had been 
reached, analyses were made to indi- 
cate the oxygen utilized, the solids pro- 
duced and the phenol removed. The 
oxygen utilization was followed in the 
Warburg apparatus while microfilter 
suspended solids analyses were used 
to measure all the biological sus- 
pended solids in the mixed liquor on 
an hourly basis. The microfilter fil- 
trate was analyzed for residual or- 
ganic matter by the dichromate chemi- 
cal oxidation method. The data were 
converted into terms of phenol used 
for oxidation, synthesis, and adsorp- 
tion and plotted in Figure 7. The 
effect of reduced solids is quite evi- 
dent by the fact that 9 hr. oxidation 
was required for the stabilization 
break to occur as opposed to less than 
one hour at 5,200 p.p.m. mixed liquor 
suspended solids. The most important 
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part of this run was the failure of 
phenol to show any toxic effects even 
though the quantity of solids was quite 
small by normal activated sludge 
standards. 


Discussion 


The stabilization of phenolic and 
related ringed compounds is primarily 
a function of the chemical structure of 
the compound and the compound on 
which the micro-organisms have been 
acclimated. As long as the aromatic 
compounds have similar structures ac- 
climation to the new compound is 
rapid but as the differences in the two 
structures increase the length of time 
required for adaptation increases. All 
the commercially important aromatics 
generally found in industrial waste 
(phenol, cresol, benzene, toluene, ben- 
zyl alcohol, benzaldehyde, and benzoic 
acid) appear to be metabolized along 
similar pathways and should not ecre- 
ate any problems in properly aecli- 
mated activated sludge systems. As 
the synthetic chemical industry ex- 
pands and new compounds are created, 
the problem of their stabilization by 
biological systems may become a ma- 


400 


370 ppm SS 
L TOTAL PHENOL ADDED 
300 + 2 4 
> 
= 
WwW 
200 rO z 
S 
100 be 
ad 
a ul 
N 
5 ra) 
8 12 16 20 24 
HOURS 


FIGURE 7.—Metabolic balance for the 
stabilization of phenol by acclimated acti- 
vated sludge. 
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jor problem. Addition of side chains 
to the ring structure resulted in de- 
creased metabolism as the length of the 
side chain increased. Addition of 
chemical groups on certain carbon 
atoms in the ring can result in meta- 
bolic blocks as in the case of the 
dimethyl phenols. 

One of the major problems facing 
the process engineer confronted with 
waste disposal problems of an unusual 
nature, such as these, is the lack of a 
proper understanding of bacterial 
physiology. Unfortunately, the bac- 
teriologists themselves have not been 
interested in the metabolism of the 
unusual synthetic chemicals and little 
information is available. The work 
that has been done on bacterial physi- 
ology does show the general chemical 
reactions which the bacteria can pro- 
duce and with this knowledge as a 
background, the engineer can make a 
reasonable estimate as to the treatabil- 
ity of waste components. 


Limiting Design Factors 


The limiting factor in the design of 
waste disposal systems treating aro- 
matic compounds is not the toxicity of 
the compounds but the rate at which 
oxygen can be transferred to the sys- 
tem. Control of the oxygen demand 
can best be maintained by controlling 
the rate of feed by compartmental 
aeration or step-aeration. Both sys- 
tems are well adapted to industrial 
waste treatment. Compartmental aera- 
tion consists of a series of small cubical 
aeration tanks, usually 10 ft. on a side, 
with an integral sedimentation tank 
from which the return sludge flows by 
gravity back into the aeration tank. 
The number of tanks in operation is de- 
pendent on the organic load, and as 
plant production changes with its re- 
sultant changes in waste loadings the 
tanks can be cut in or out. The simplic- 
ity of construction makes expansion of 
the treatment facilities easy and the de- 
sign can be made for the present load 
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rather than on the projected future 
load. Step-aeration tends towards 
conventional activated sludge with the 
feed being introduced at several points 
along the aeration tank to prevent the 
oxygen demand at any one point from 
exceeding the oxygen transfer rate. 

Aside from the oxygen transfer the 
design engineer should keep in mind 
that the metabolism of these wastes re- 
sults in the production of additional 
organic acids which must be neutral- 
ized if the system is to operate prop- 
erly. Lime is one of the better ma- 
terials which can be used to hold the 
pH in the proper biological range, 6.5 
to 8.5. Lime reacts with the organic 
acids to form the neutral salts which 
are further metabolized to carbon di- 
oxide and water with the calcium being 
released. The calcium and carbon 
dioxide undergo reaction to form eal- 
cium bicarbonate and caleium carbon- 
ate; the latter is insoluble and is read- 
ily incorporated into the activated 
sludge floc, adding to its weight and 
making it more readily settleable. 
Many of these wastes are deficient in 
essential nutrients such as nitrogen 
and phosphorus. If biological treat- 
ment is going to be effective these nu- 
trients must be added in sufficient 
quantity to satisfy the biological de- 
mand. 


Beta Oxidation 


Although the concept of phenol oxi- 
dation of Stanier (8) has been widely 
accepted by the bacteriologists, the re- 
sults of this study tended to show that 
phenol oxidation by activated sludge 
was related to fatty acid metabolism 
by beta-oxidation. The general equa- 
tions for phenol oxidation are shown 
in Figure 8. The differences between 
the two schemes lies in the initial step 
of oxidation and the splitting of the 
ring. Use of the dimethylphenols 
permitted blocking of certain carbons 
for oxidation. The 2, 6 dimethylphe- 
nol blocked out the possibility of cate- 
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FIGURE 8.—General scheme of bacterial metabolism of phenol. 


chol formation as postulated by Sta- 
nier but the phenol acclimated sludge 
showed partial oxidation of this com- 
pound indicating that catechol was not 
a required intermediate. 

The rapid metabolic block on 2, 6 
dimethylphenol indicated that an un- 
natural structure was formed after the 
initial oxidation. The 2, 4 dimethyl- 
phenol showed a similar metabolic 
block occurring further along the 
chain. Although the blocking struc- 
ture has not determined, it is 
believed to be related to the following 
group which occurs in the 2,4 and the 
2, 6 but not in the 3, 4 dimethylphe- 
nols, —C(CoA):C(CH,)—. The 3, 5 
substituted phenol which would block 
beta-oxidation showed no metabolism. 
If catechol was the intermediate, the 
3, 5 dimethylphenol would have shown 
partial oxidation. Thus, on this basis 
the oxidation of phenol is by beta- 
oxidation or a slight modification of 
the beta-oxidizing enzymes. The beta- 
oxidation scheme is further substanti- 
ated by the rapid rate at which the 
fatty acids were metabolized and by 
the comparative oxidation of catechol 
and resorcinol. Beta-oxidation is a 
common biochemical reaction occur- 
ring in the soil bacteria and its use 
in the stabilization of phenolic com- 
pounds helps to explain why it is 
possible to adapt activated sludge to 
these compounds so readily. 

The large number of compounds, 
which can be immediately metabolized 


been 


or rapidly adapted to points to the 
simplicity of the biochemical reactions 
occurring in these activated sludge 
systems. The ability of the micro- 
organisms in the sludge to change sub- 
strate components is of the utmost 
value to industries where process 
changes are relatively frequent and 
abrupt. By understanding the mecha- 
nism of beta-oxidation and the natural 
metabolic scheme of the bacteria mak- 
ing up activated sludge, the process 
engineers can readily predict the ease 
and degree of metabolism of any new 
aromatic compound added to the sys- 
tem. 


Conclusions 


The results of this study on the oxi- 
dation of aromatic compounds by acti- 
vated sludge has shown: 


1. Activated sludge is quite well 
suited for treating phenolic and re- 
lated aromatic compounds. 

2. Phenol and other aromatics were 
not toxic to activated sludge in con- 
centrations up to 500 p.p.m. phenol. 

3. Oxidation of the aromatic com- 
pounds was limited by the rate of oxy- 
gen transfer. 

4. Oxidation of the aromatie com- 
pounds was a function of the chemical 
structure of the compound. 

5. Oxidation of the aromatic com- 
pounds appeared to be by beta-oxida- 
tion rather than by direct oxidation 
of the ring structure to catechol. 
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One of the distinguishing character- 
istics of gel systems is their ability 
to become highly hydrated. Sewage 
sludges have been classified as gels and 
perhaps the most important sludge, 
from the standpoint of water content 
and volume, is activated sludge. When 
it is realized that a good activated 
sludge will settle to a concentration of 
only one per cent solids, it becomes 
quite important to consider the nature 
and the relationships of the water as- 
sociated with the sludge. Since bulky 
activated sludge is characterized by a 
large volume and poor settleability, 
the hydration or water-binding ¢a- 
pacity of the bulky sludge acquires 
added significance. 

Wilson (9) has called attention to 
the importance of the water relation- 
ships of the activated sludge. He ree- 
ognized two different kinds of water, 
namely, interstitial water which can 
be forced out by the application of 
slight pressure, and adsorbed water 
which cannot be removed mechanically 
except by the application of enormous 
pressure. The relative amounts of 
these waters depend on the state of 
subdivision of the particles as well as 
the extent to which the jelly constitu- 
ents are swollen with water. 

The water in a gel may exist in part 
as liquid water with all its colligative 
properties, or as water bound by the 
colloid micelles with entirely different 
properties. This latter type of water 
has been referred to as ‘‘bound’’ wa- 
ter. The capacity of a gel to bind 
water is dependent upon the chemical, 
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BOUND WATER AND ACTIVATED SLUDGE BULKING * 
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physical and electrical properties of 
the system. The phenomenon of water 
binding has been associated with the 
ability of the system to imbibe water 
and swell. Bloodgood (2) has stated 
that one of the causes of bulking of 
activated sludge might be due to swell- 
ing of the zoogleal masses. Greeley 
(6) and Pearse (7) reviewed a num- 
ber of causes and cures suggested for 
the phenomenon of bulking. 

The purpose of this paper is to de- 
termine whether there is a relationship 
between bulking, bound water content 
and the biochemical characteristics of 
activated sludge. 


Analysis of Bound Water 


The dilatometric method was se- 
lected for the measurement of bound 
water (3)(4)(5). This method is 
based on the theory that bound water 
does not freeze at temperatures below 
the freezing point temperature of free 
water. If the total water and free 
water are known, then the difference 
between them is caleulated as the 
bound water. The total water was de- 
termined by drying a sample of acti- 
vated sludge at 105° C. for 24 hr. 
and the free water was determined 
by noting the expansion caused by 
freezing the sludge. By correcting the 
expansion caused by the water-ice 
transformation to its free water 
equivalent, the bound water was ¢al- 
culated. 


Laboratory Apparatus 


A diagram representative of the 
dilatometers used in these experiments 
is shown in Figure 1. The apparatus 
consists of a glass unit composed of 
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two separate sections which ean be 
joined by means of a ground glass 
joint. The bottom section measures 
approximately 2 in. in diameter and 
4-in. deep, with a capacity of 45 to 
65 ml. A small bore glass tube about 
12 in. in height is fused to the top of 
the upper section. Total volume is 2 
to 3 ml. calibrated into increments of 
0.01 ml. 

The liquid used to measure the con- 
tractions and expansions during the 
freezing of the sludge was a crude 
petroleum. The selection of this in- 
dicator liquid was based on its im- 
miscibility with water, a specific grav- 
ity less than water, and the fact that 
it is not subject to solidification at the 
lowest temperatures employed in the 
experiments (— 20° C.). 

The sludges were frozen by immers- 
ing the dilatometers into a freezing 
bath consisting of ethanol and dry ice. 
The temperature of the bath could be 
lowered and regulated by introducing 
a piece of dry ice into the ethanol with 
a metal prong. 

Since it was not possible to fuse 
thermometers into the dilatometers, 
the temperature of the units during 
the freezing operation was obtained 
by means of a ‘‘dummy,”’ consisting 
of a bottom section of a dilatometer 
containing sludge and petroleum. Into 
this ‘‘dummy’’ sample was inserted a 
rubber stopper containing a thermom- 
eter. The temperature of this sludge- 
petroleum mixture was taken to rep- 
resent the temperature of the systems 
being examined. The thermometer 
was a mercury type calibrated to 0.1 
of a degree. 


Laboratory Procedure 


A weighed amount of sludge was 
introduced into the bottom section of 
the dilatometer containing 15 ml. pe- 
troleum. The dilatometer was stop- 
pered after weighing in order to pre- 
vent evaporation. Another portion of 
the sludge was weighed and dried for 
the total solids determination. The 
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CALIBRATED GLASS STEM 


—— 


34 S.T. GROUND 
45 GLASS JOINT 


FIGURE 1.—Dilatometer for bound water 
determinations of aerated sludge. 


top section of the dilatometers was in- 
serted after removal of the stopper. 
The ground glass joint was lubricated 
with silicone and the two sections 
fastened together with springs at- 
tached to glass spurs on the top and 
bottom sections. With the unit as- 
sembled, petroleum was added by 
means of a 50-ml. burette through the 
open end of the calibrated glass stem. 
The petroleum was added until the 
entire unit was filled to the zero mark 
on the glass stem. The amount of pe- 
troleum needed to fill the dilatometer 
was recorded. 

The filled dilatometer was then im- 
mersed in the ethanol solution which 
completely covered the dilatometer. 
Then the dry ice was added, and at 
various temperatures the level of the 
petroleum in the glass stem was re- 
corded. The readings were taken 5 
min. after a specific temperature was 
reached to insure equilibrium at that 
temperature. When freezing began, 
the system was allowed to expand with 
a minimum of ice addition until the 
expansion of sludge ceased. This 
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freezing process required about 35 to 
45 min. The temperature was then 
lowered, and the contractions of the 
system after freezing was completed 
were recorded. The final low tempera- 
ture was — 20° C. 


Calculations 


The method of calculation of free 
water from the expansion of ice as 
adopted in these experiments was de- 
pendent upon the behavior of the pe- 
troleum on exposure to low tempera- 
ture and the volume increase when 
one gram of water freezes to ice. 

The necessary data for this calcula- 
tion are a standard petroleum curve 
and a petroleum-water curve. 


1. Standard Petroleum Curve 


The liquid employed to measure the 
contraction and expansion during the 
freezing was a crude petroleum. Any 
indicator may be used provided it is: 
(a) immiscible with water; (b) has a 
specific gravity less than water; (c) 
does not solidify at the lowest tem- 
perature employed; and (d) has a 
linear contraction throughout the tem- 
perature range. 

The standard petroleum curve is ob- 
tained by filling the dilatometer with 
a known amount of petroleum, noting 
the temperature and stem reading, and 
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FIGURE 2.—Typical volume-temperature 
relationships of petroleum and petroleum- 
water mixtures. 
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determining the contraction upon low- 
ering the temperature to — 20° C. If 
the contraction is linear, then the con- 
traction curve of a standard amount 
of petroleum can be calculated and 
plotted. The contraction curve for 
50 ml. of petroleum is represented by 
line AB in Figure 2. 


2. Petroleum-Water Curve 


The same procedure was used for the 
derivation of the standard petroleum- 
water curve except that a known 
amount of distilled water is added to 
the petroleum. The resulting typical 
curve is shown in Figure 2 as line 


ACDE. 


3. Method of Calculation of Free Wa- 
ter Expansion 


The method of calculation can be 
illustrated best by an example. 


(a) 50 ml. petroleum at 20° C.= 

0.00 ml. stem reading. 

50 ml. petroleum at — 20° C. 

= 1.94 ml. stem reading. 

(ec) 45 ml. petroleum + 5 ml. water 
= 1.24 ml. stem reading. 
Sinee the contraction is linear, 
the 45 ml. petroleum would have 
contracted to 45/50 x 1.94= 
1.74 ml. 
Since the reading is 1.24 ml., the 
difference, 1.74 — 1.24 = 0.50 
ml. = expansion due to 5 ml. 
water. 


(b) 


0.50/5 = 0.10 ml. expansion per 
milliliter of water. 


After deriving the petroleum stand- 
ard curve and the expansion of one 
milliliter of water when frozen, the 
free water of the sludge can be cal- 
culated. 


Example: 


Assume 15 gm. sludge + 43 ml. pe- 
troleum is subjected to freezing. 

Total solids=10 per cent. Thus, 
1.5 gm.=dry solids and 13.5 gm. = 
total water. 
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Upon freezing to — 20° C., the stem 
reading is 0.76 ml. 

The petroleum level is 43/50 x 1.94 
= 1.66 ml. 

The difference due to water expan- 
sion = 1.66 — 0.76 ml. = 0.90 ml. 

Since 1 ml. water expands 0.1 ml. 
upon freezing, a 0.90 ml. expansion 

0.90 ml. 

represents 0.1 ml./mi. 9 ml. free 
water. 

Total water — free water = bound 
water. 13.5 ml.—9 ml.=45 mi. 
water. 


4.5 ml. bound water 
gm. dry solids 
3 ml. bound water 
~ 1 gm. dry solids 


= 300 per cent bound water. 


Experimental Results 


The bound water content and sludge 
volume index of mixed liquors from 
a number of sewage treatment plants 
were determined to establish whether 
any relationship existed between them. 
The results (Table I) show that a 
sludge with a low volume index has 
a low percentage of bound water (90 
to 100 per cent), and a sludge with 
a high volume index has a high bound 
water content (380 per cent). 


Continuous Aeration of Bulky Sludge 


The relationship would be firmer 
and more convineing if the sludge vol- 
ume index of a given sludge could be 
made to vary with a simultaneous 
change in the bound water content. 
Starting with a bulky sludge, when the 


TABLE I.—Comparison of Bound Water 
in Bulky and Non-Bulky Sludges 


Sludge Source Bound Water 


(% of vol. sol.) 
A 380 400 
B 106 112 
Cc 90 60 
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TABLE Il.—Effect of Continuous Aeration 
Without Feed of a Bulky Sludge on Bound 
Water and Sludge Volume Index 


Aeration Period Bound Water 
ex 


(days) (% of vol. sol.) 
1 363 400 
6 148 85 
12 59 62 


volume index is decreased the bound 
water content should decrease, and 
starting with a sludge of a low volume 
index, when it is induced to bulk, the 
bound water content should increase. 
A number of experiments were run 
using both methods of approach. 
Table II gives the results of an ex- 
periment on the effect of continuous 
aeration without feeding, of an initi- 
ally zoogleal type of bulky activated 
sludge, on the sludge volume index 
and the bound water content. It is 
apparent that good correlation exists 
between the decrease in sludge volume 
index and the bound water content. 
During six days of aeration, the sludge 
volume index decreased from 400 to 
85 and the bound water content from 
363 to 148 per cent. It should be 
noted that the decrease in sludge vol- 
ume index is more rapid initially than 
the decrease in the bound water. 
Additional decreases in both sludge 
volume index and bound water content 
took place with aeration periods as 
long as 12 days. Simultaneous with 
these changes the color of the sludge 
changed from grey to golden brown. 
Microscopic examination of the tloc 
also revealed a change in appearance. 
The original sludge consisted of al- 
most transparent, lobed, irregular- 
shaped zoogleal floc. Sphaerotilus was 
not present in significant numbers. 
After six days of aeration the zoogleal 
colonies became dense and opaque. 
The above experiment was repeated 
in a similar manner except that some 
additional determinations of sludge 
oxygen demand, solids and nitrates 
were made. A zoogleal type of bulky 
sludge was aerated continuously with- 
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TABLE III.—-Effect of Continuous Aeration Without Feed of a Bulky Sludge on Bound Water, 
Sludge Volume Index, Solids and Nitrates 


| | | Bound Weter| | Volume | Nitrate | Oxygen 
= (days) (p.p.m.) (%) vol. sol.) %) | Index (p.p.m. Wee 
o | 2720 85.1 380 | 985 | 360 0.65 
1 | 2690 83.5 370 96.0 | 370 0.62 6.9 
2 2300 82.0 338 92.0 | 400 0.73 7.1 
3 2010 81.3 - 86.0 426 6.8 
4 | 1870 80.0 320 72.0 380 . 6.8 
5 | 1770 78.6 230 50.0 | 282 0.73 4.2 
6 | 1700 77.6 155 | 205 | 120 0.73 2.6 
* milligram oxygen utilized per hour 
gram volatile solids 
% out feeding for six days. The results The results of these two experiments 


of the various determinations are agree in that the sludge volume index 
given in Table III. Itcan be seen that decreased at a greater rate initially 
the sludge volume index during the than the bound water content. Be- 
first three days of aeration did not tween the fourth and sixth days both 
change materially. In fact, if any- the sludge volume index and the bound 
thing, the sludge volume index in- water content decreased materially. 
creased somewhat (from 360 to 425), Simultaneously with these changes in 
which was attributed to the fact that the bound water content and sludge 
the sludge was allowed to concentrate volume index, brought about by con- 
in the laboratory and the supernatant tinuous aeration without feeding, the 
decanted before its use in the experi- suspended solids content and percent- 
ment. When the original sludge was age volatile solids of the mixed liquor 
diluted with water to one-third of its decreased, indicating decomposition of 
original concentration, it settled to only the organic matter in the sludge. It 
90 per cent of its volume in 30 min. is to be observed, also, that the nitrate 
with an indicated sludge volume index content of the sludge originally was 
of 1,080 or greater. Thus the sludge not high and that even after six days 
volume index is not applicable to a of continuous aeration the sludge was 
sludge which does not settle. Hence, not converted to a nitrifying sludge. 
such sludges should be diluted either to The microscopic appearance of the 
a given suspended solids concentration sludge underwent a change similar to 
(say 1,000 p.p.m.) before the deter- that of the previous experiment, 
mination of sludge volume index or namely a change from a diffused and 
they should be diluted so that they highly indented floc to a dense and 
settle to a volume of not more than more regular-edged floc. Sphaerotilus 
for example 75 per cent. was not present in significant numbers, 
The first significant sludge volume either in the initial sludge or after 
index value was obtained on the fourth subsequent aeration. 
day for at this time a dilution of the The oxygen demand of the unit 
sludge resulted in a corresponding de- amount of the sludge as measured by 
crease in the sludge volume. It is fair the Warburg respirometer did not 
to state, therefore, that the sludge vol- change materially during four days in 
ume index decreased from some high the respirometer, but decreased signifi- 
indeterminate value to 380 after four cantly during the fifth and sixth days. 
days of aeration. The bound water This indicates that although during 
content during this period decreased the first four days of aeration the 
from 380 to 320 per cent. sludge was being oxidized and solids 
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were being destroyed, the remaining 
volatile solids had practically the same 
oxygen demand per unit amount of 
volatile solids as the initial sludge. 
Only after the fourth day did the 
nature of the material being oxidized 
change as indicated by the lesser 
amount of oxygen utilized per unit 
amount of volatile solids remaining. 
This was also the period when the 
sludge volume index and bound water 
content underwent an abrupt change. 
It may represent the oxidation of less 
readily available and more complex 
materials of protoplasmic origin rather 
than the oxidation of the more avail- 
able sewage impurities originally con- 
tained in the sludge. 

The preceding experiments proved 
that as the sludge volume index of a 
zoogleal type of bulky sludge de- 
creased the bound water content also 
decreased with continuous aeration 
without feeding. It was of interest, 
therefore, to establish a similar rela- 
tionship starting with a nonbulky 
sludge and inducing it to bulk. 


Plant-Scale Study with Unchlorinated 
Returned Sludge 


The first experiment was made on 
a plant-seale basis. Previous experi- 
ence at an institutional sewage treat- 
ment plant had shown that when chlo- 
rination of returned sludge was stopped 
the sludge volume index increased 


TABLE IV.—Changes in Sludge Characteristics 
After Cessation of Chlorination 


after | | Water | Nitrates | 
Chlorination Index (p-p-m.) | (p.p.m.) 
0 43 107 11.0 0.8 
l 50 106 11.3 0.7 
2 59 0.9 
3 58 — 10.2 1.2 
4 78 0.7 
7 138 157 10.1 1.5 
8 176 177 9.6 2.2 
9 200 198 10.0 3.0 


1 Mixed liquor at the effluent end of the 
aeration tank. 
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gradually. This chlorination practice 
was stopped and no other changes in 
the operation of the treatment plant 
were introduced. The results of this 
experiment are given in Table IV. 
The sludge volume index increased 
from 43 to 200 in 9 days of operation 
without chlorination, and the bound 
water content increased from 107 to 
198 per cent during the same period. 
There was a slight increase in the per 
cent volatile solids of the sludge. Ni- 
trates which were high during the pe- 
riod of chlorination of the sludge were 
not affected by the cessation of chlori- 
nation. The D.O. content of the mixed 
liquor, which was 0.8 p.p.m. at the be- 
ginning of the experiment, showed a 
significant increase towards the end of 
the test period. These results in re- 
spect to dissolved oxygen content indi- 
cate the following: (a) that the effect 
of chlorination is not due to the de- 
crease in the biological utilization of 
oxygen resulting in an increase in the 
D.O. content and (b) that sludge bulk- 
ing is not due to an oxygen deficiency. 
The microscopic appearance of the 
sludge changed during this period 
from the dense floc particles in the 
original sludge to a diffuse and _ ir- 
regular-shaped floc. There was no 
overgrowth of Sphaerotilus. 


Sludge Chlorination 


In order to show whether the effect 
of chlorine on sludge volume index is 
physical or biological, various quanti- 
ties of chlorine were added to a sample 
of bulky sludge and allowed to settle 
for one-half hour; the sludge volume 
index and bound water were then 
determined. Since the sludge was 
neither fed nor aerated, it is not pos- 
sible to attribute the effect to bio- 
chemical reactions. The results 
(Table V) show that the treatment of 
sludge with only one dose of 10 p.p.m. 
chlorine reduced the sludge volume in- 
dex from 177 to 120 and the bound 
water from 189 to 100 per cent. With 
larger doses of chlorine the effects were 
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TABLE V.—Effect of Chlorination on 
Bound Water and Sludge Index 


Chlorine Sludge Bound Water, 
Dosage Volume (% of 
(p.p.m.) Index vol. sol.) 
0 177 189 
10! 120 100 
100 105 ony 
200 83 60 
500 83 57 


‘0.6 per cent on the basis of sludge solids. 


more pronounced. It is reasonable to 
expect that in a sewage treatment 
plant with a sludge age of three to 
four days, a given sludge would be 
subjected to repeated dosages of chlo- 
rine before it is finally wasted. 

The action of chlorine in the sludge 
appears then to be purely physical in 
releasing a part of the bound water 
and thereby decreasing the sludge 
volume index. In a treatment plant 
where chlorine is being applied con- 
tinuously, the effect of chlorine is that 
of combating the tendency for the 
sludge volume index to increase by 
continuously releasing the excessive 
amount of bound water and keeping it 
in check as long as chlorine is applied. 
Once chlorination is stopped the sludge 
will gradually tend to bulk. 

Varwus 


Laboratory Studies with 


Sludge Loadings 


The final experiment was made to 
induce sludge to bulk under controlled 
laboratory conditions. For this ex- 
periment, the sludge was aerated and 
agitated by paddles on a laboratory 
floceulator. The speed and the level 
of the paddles in the sludge could be 
regulated to maintain dissolved oxygen 
in the mixed liquor at all times. The 
paddle speed was 170 r.p.m., and the 
D.O. content was always maintained 
between 1 and 3 p.p.m. not only to 
insure aerobic conditions but to simu- 
late actual treatment plant D.O. levels. 
The dissolved oxygen was determined 
by the polarograph and the time lapse 
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between securing the sample and the 
determination was about 10 sec. 

The sludge was fed a soluble-col- 
loidal fraction and a settleable fraction 
of sewage. The soluble-colloidal frac- 
tion was obtained by super centrifuga- 
tion of settled sewage. The settleable 
fraction was collected and resuspended 
in mineral dilution water. The purpose 
of this experiment was to feed the 
sludges with a feed of known B.O.D. 
strength in order to determine the 
sludge load. It was, thus, impractical 
to feed a sewage (or its fractions) 
which was collected daily, because its 
B.0O.D. would vary from day to day. 
In order to overcome this difficulty, 
large quantities of a particular sewage 
were collected, separated into settle- 
able and soluble-colloidal fractions, 
autoclaved, and stored. 

The sludges were fed four times 
daily; 9 am, 1 pm, 5 PM, and 9 PM. 
The concentrations of the feeds were 
adjusted to maintain sludge loadings 
of 1, 0.5, and 0.33 Ib. of B.O.D. for 
both fractions. The sludge solids were 
kept at 800 p.p.m. volatile solids by 
making daily determinations of the 
solids content and wasting the neces- 
sary amount of sludge. 

The sludge volume index, bound 
water and the oxygen demand charac- 
teristics of the original sludge and the 
aerated sludge after six days of feed- 
ing with the two types of substrates at 
different sludge loading rates are given 
in Table VI. 

The greatest increase in the sludge 
volume index and bound water was 
observed when soluble-colloidal 
fraction was fed at the rate of 0.5 Ib. 
of B.O.D. per pound mixed liquor 
solids. The same fraction fed at a 
sludge loading rate of 1 lb. of B.O.D. 
did not show as great an increase in 
sludge volume index or bound water. 
At a sludge loading factor of 0.33 Ib. 
of B.O.D. the sludge volume index and 
bound water after six days of feeding 
were practically the same as in the 
original sludge. The color of the mix- 
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TABLE VI.—Effect of Feeding Colloidal-Soluble and Settleable Fractions of Sewage 
on Activated Sludge Characteristics 
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Sludge 
Type of Feed 


Initial sludge 90 
Soluble-colloidal* 
A 


1 250 

B 0.5 380 

C 0.33 78 
Settleable* 

A 1 78 

B 0.5 80 

Cc 0.33 80 


Bound Water | Oxidation . Ox 
| | | Sa 

110 0.108 478 4.0 

262 0.218 625 10.04 

332 0.250 650 11.3 

116 0.131 470 4.1 
81 0.132 830 7.5 
85 
84 0.160 


1 Sludge loading = 


pounds of B.O.D. fed per day 


pounds of settleable solids in mixed liquor’ 
2 Milligrams of oxygen per gram of volatile solids. 
3 Average milligrams per 1,000 p.p.m. volatile solids per hour over 24-hr. period. 


* After six days of feeding. 


ture fed with the soluble-colloidal frac- 
tion at a sludge loading factor of one 
changed to greyish, with a turbid 
supernatant containing 45 p.p.m. 
B.0.D. Microscopically the floe had a 
diffuse, transparent irregular-edged 
appearance with no evidence of in- 
erease in Sphaerotilus growth. The 
mixture fed with the soluble-colloidal 
fraction at a sludge loading factor of 
0.5 gave a sparkling effluent with a 
B.O.D. of 10 p.p.m., but microsecopi- 
eally it had the same appearance as 
the sludge fed at a loading factor of 
one. The soluble-colloidal fraction fed 
at a loading factor of 0.33 retained its 
golden brown appearance, had a super- 
natant B.O.D. of 10 p.p.m., and was 
composed of dense zoogleal colonies. 
The oxidation characteristics of the 
sludge at the end of the six-day feed- 
ing period as determined by the War- 
burg method indicate that at a loading 
factor of 0.5 the sludge had the highest 
oxidation rate, with the sludge loading 
factor of one producing nearly the 
same rate. The sludge loaded at 0.33 
lb. of B.O.D. per pound of mixed liq- 
uor solids had the same characteristic 
oxidation rate at the end of the six-day 
feeding period as the original sludge. 
When the settleable fraction was 
used as a substrate neither the sludge 


volume index nor the bound water 
changed at any of the loading rates 
employed. The sludges settled well 
with a clear supernatant (10 p.p.m. 
B.O.D.) but became perceptibly darker 
with repeated feelings. Microscopi- 
cally, zoogleal floes decreased and were 
replaced by amorphous particles. Oxi- 
dation characteristics of these sludges 
at the end of the feeding period were 
somewhat higher than those in the 
original sludge. 


Sludge Accumulation 


Results on sludge accumulation from 
this experiment are given in Table 
VII. With the soluble-colloidal frac- 
tion used as a substrate the greatest 
absolute increase in suspended solids 
was with a loading factor of one, but 
the increase, expressed as a percentage 
of the B.O.D. fed, was lower than with 
the loading rate of 0.5. It should be 
remembered, however, that not all the 
B.O.D. in the former loading rate was 
being removed. Therefore, the differ- 
ences in the two loading rates, ex- 
pressed as percentage increase of solids 
on the basis of the B.O.D. removed, 
would probably be closer to each other 
than is indicated by the values given 
on the basis of B.O.D. fed. The small- 
est absolute increase in suspended sol- 
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TABLE VII.—Effect of Sludge Loading and Type of Feed on Sludge Accumulation 


| 
| Sludge B.O.D. 


ype of Feed Loading 


(p.p.m.) 


Soluble colloidal 
A 
B 
C 


Settleable 


ids and the percentage increase in sus- 
pended solids on the basis of B.O.D. 
fed was with the loading factor of 0.33. 
It appears from these results that the 
greater the sludge loading with the 
soluble-colloidal fraction, the greater 
the amount of sludge accumulation 
and a greater percentage of the B.O.D. 
fed is converted to sludge. 

With the settleable fraction used as 
substrate, both the absolute increase 
in sludge solids as well as the increase 
expressed as either a percentage of 
B.0.D. or suspended solids fed were 
greater with an increasing loading fac- 
tor. It appears that the absolute in- 
erease in sludge is greater with an 
equivalent quantity of B.O.D. fed in 
the settleable fraction than with the 
soluble-colloidal fraction for corre- 
sponding loading factors. Between 70 
and 80 per cent of the suspended solids 
fed is recovered as sludge with loading 
factors of 0.5 and 1.0, and 50 per cent 
with a loading factor of 0.33. 

With the soluble-colloidal fraction 
used as a substrate, the accumulation 
of sludge can only be ascribed to pro- 
toplasmic growth by assimilation and 
conversion of food materials in the 
substrate to cellular substance. With 
the settleable solids used as a sub- 
strate, sludge accumulation can be the 
result of: (a) simply the transference 
of suspended matter from the liquid 
phase to the sludge; (b) the oxidation 
of the adsorbed material giving rise to 
protoplasmic growth; or (¢) some va- 


Fed per Day | 


| Suspended Solids Increase in Sludge Solids 


Per Cent of 


Per Cent of 
B.O.D. 


Incre: 
Susp. Sol. 


Per Day 


| Fed per Day 
| (p.p.m.) 


50.9 
415.6 
32.8 


riable combination of these two proec- 
With the data on hand, it is 
not possible to differentiate and evalu- 
ate the relative parts played by these 
two forces. It can definitely be stated, 
however, that the sludge increase can- 
not be attributed completely to the 
protoplasmic growth as in the case of 
the soluble-colloidal fraction. With 
the settleable fraction the accumula- 
tion of sludge is believed to be caused 
primarily by adsorption followed by 
a slow rate of biological utilization and 
transformation of a small part of the 
settleable solids fed to protoplasmic 
material. 


esses, 


Volatile Matter and Nitrogen Content 


Table VIII presents the values of 
percentage of volatile solids and per- 
centage of nitrogen in the sludges fed 


TABLE VIII.—Effect of Sludge Loading 
and Type of Feed on Volatile Matter 
and Nitrogen Content of the Sludge 

| Volatile | 

Matter | 


« 
(%) 


Organ. N 


Sludge Dry Basis 
(%) 


Type of Feed Loading 


Initial 
Soluble-colloidal! 
A 7.9 
B 7.8 
Settleable' 
A 
B 
C 


6.3 


' After 6 davs of feeding. 


a 566 

Fed Fed 

3 0.5 400 0 202 50.0 | 

is | 0.33 260 0 53 

| 

| 

a \ l } 800 515 107 79 

ag B 0.5 00 257 iss | 

Cc 260 172 85 19.5 

\ 
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for six days at different loadings with 
different fractions of sewage. 

The volatile solids in the sludge in- 
creased from an initial value of 83.6 
per cent to slightly more than 87 per 
cent, after feeding the soluble-colloidal 
fraction for six days at loading rates 
of land 0.5. Ata loading rate of 0.33 
there was only a very slight increase 
over the original volatile matter con- 
tent of the sludge. 

Similarly, the nitrogen content of 
the sludge increased from an initial 
value of 6.3 per cent on the basis of 
dry solids to 7.8 or 7.9 per cent with 
loading factors of 1 and 0.5. Unfor- 
tunately, the value for the loading fac- 
tor of 0.33 is not available. The per- 
centage of volatile matter in the solu- 
ble-colloidal fraction fed was 51.5 per 
cent. This probably does not repre- 
sent the actual organic matter content 
because inorganic matter such as bi- 
carbonates are also volatilized on ig- 
nition. The actual volatile matter con- 
tent should be less than 51.5 per cent. 
The sludge formed has, therefore, a 
higher percentage of organic matter 
than the substrate fed. 

The sludges fed with the settleable 
fraction produced sludges with some- 
what smaller volatile matter content 
than the initial sludge (80 to 81 per 
cent as compared with 83.6 per cent). 
In addition, they also had less of a 
volatile matter content than the 
sludges fed with the soluble-colloidal 
fraction. The volatile matter content 
of the settleable solids fed was 77.8 per 
cent. The sludges formed, therefore, 
had a volatile matter content inter- 
mediate to that of the initial sludge 
and of the solids fed. The sludges 
produced by feeding the settleable 
fraction had nitrogen contents lower 
than the initial sludge and also lower 
than the sludges produced by feeding 
the soluble-colloidal fraction. 


Oxygen Utilization 


The oxygen utilization rates of the 
original sludge and of the sludges pro- 
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TABLE IX.—Effect of Sludge Loading on 
the Oxygen Utilization of Sludge’ 


Sludge Loading? 

Original sludge |0.5| 0.33 
After 3 days feeding of 

soluble-colloidal fraction | — | 8.4 | 8.9 | 4.6 
After 6 days feeding of 

soluble-colloidal fraction | — | 9.1 | 9.6 | 4.6 
After 6 days feeding of 

settleable fraction — |83/)5.3| — 


'Parts per million of oxygen utilized per 
1,000 p.p.m. of unfed sludge per hour during 
44 hr. in the Warburg. 

? Pounds of B.O.D. fed per pound of sludge 
solids. 


duced after feeding with the soluble- 
colloidal fraction for three and six 
days and with the settleable fraction 
for six days at various loadings are 
given in Table IX. These values were 
obtained with the Warburg apparatus 
over a 44-hr. period. It will be seen 
that the basal sludge-oxygen utiliza- 
tion increased from a value of 5 p.p.m. 
per 1,000 p.p.m. of sludge per hour to 
a value of 8.4 p.p.m. after three days 
of feeding and to 9.1 p.p.m. after six 
days of feeding at a sludge loading 
factor of one. At a sludge loading 
factor of 0.5, the corresponding values 
were 8.9 and 9.6 p.p.m. after three- 
and six-day feeding periods, respec- 
tively. At a loading factor of 0.33, 
the oxygen utilization rate after three 
and six days of feeding was 4.6 p.p.m., 
a value somewhat lower than the oxy- 
gen utilization of the original sludge. 
The oxygen utilization of the sludge 
produced by feeding the settleable 
fraction for six days was 8.3 p.p.m. at 
a loading factor of one and 5.3 p.p.m. 
at a loading factor of 0.5. It is appar- 
ent that the original sludge-oxygen 
utilization characteristies were main- 
tained only with a loading factor of 
0.33 for the soluble-colloidal fraction 
and a loading factor of 0.5 for the | 
settleable fraction. At higher loading 
rates the oxygen utilization of the 
sludge became greater. 

To sum up the results of this experi- 
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ment at a loading factor of 0.33 with 
soluble-colloidal fraction, the sludge 
volume index, bound water and oxy- 
gen utilization of the sludge did not 
show a material difference when com- 
pared with the initial sludge. Sludge 
accumulation was lowest at this load- 
ing. At a loading factor of 0.5, oc- 
curred the maximum increase in 
sludge volume index, bound water, 
sludge oxygen demand, sludge accu- 
mulation per unit amount of food 
material, and nitrogen content of the 
sludge. At a sludge loading factor 
of one, none of these parameters was 
as high as with a sludge loading factor 
of 0.5. The response to the feeding of 
the settleable fraction was somewhat 
anomalous in that it did not bulk; nor 
did the bound water content increase 
at any loading factor. The settleable 
fraction cannot be considered as a typi- 
cal activated sludge, but should be con- 
sidered as aerated solids. 


Sphaerotilus-Bulked Sludge 


The work so far reported was con- 
cerned with the zoogleal type of 
sludges. In order to determine 
whether there was any relationship 
between bound water and the sludge 
volume index of a bulky sludge com- 
posed primarily of Sphaerotilus, bulk- 
ing was produced in the laboratory by 
the addition of glucose to sludge under 
aeration. The sludge was fed, batch- 
wise, three times per day. After each 
aeration period the sludge was settled, 
the supernatant was siphoned off, and 
glucose and urea, as a nitrogen source, 
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were added to the sludge with a syn- 
thetic B.O.D. dilution water. The car- 
bon-nitrogen ratio employed was 20: 1. 

Table X illustrates the effect of the 
sugar additions. The initial sludge 
was dosed with 600 p.p.m. glucose 
three times each day for a period of 
two days. The solids increased from 
2,610 p.p.m. to 3,065 p.p.m., but there 
was no change in the sludge volume 
index or the bound water. Micro- 
scopically, there were no significant 
numbers of Sphaerotilus. At this point 
the sludge solids were reduced to 1,533 


p.p.m. by wasting sludge, but the glu- 
cose concentration added was main- 


tained at 600 p.p.m. Under these con- 
ditions the sludge became progressively 
worse in its settleability, and on the 
third day the sludge did not settle at 
all. The sludge volume index rose 
from 52 to 385, and the suspended 
solids increased from 1,533 p.p.m. to 
2,624 p.p.m. The bound water, how- 
ever, did not increase, since it re- 
mained essentially the same, varying 
from 98 to 113 per cent. The sludge 
was composed almost entirely of Sphae- 
rotilus and had changed to a pale 
straw color. White ‘‘balls’’ of Sphae- 
rotilus were evident, macroscopically, 
on the second day, and were in great 
abundance at the end of the third day. 

The Sphaerotilus-bulked sludge was 
not similar to the zoogleal type of 
bulky sludge in respect to the bound 
water changes. The zoogleal sludge 
increased its bound water content with 
an inerease in the sludge volume index, 
while the bound water of the Sphaero- 


| Suspended Solids Sludge Volume 

Glucose (p.p.m | ndex Bound Water! 

Feedings oO NO: 

Add | (% of 

ro (no.) vol. (p.p.m.) 

Initial Final Initial Final 

1 600 6 | 2610 | 3065 50 52 113 5.2 
2 600 9 1530 | 2624 52 385 98 4.3 
3 0 0? 2624 | 1875 | 385 71 58 12.2 


‘Initial bound water of sludge was 110 per cent. 
2 Continuous aeration for 8 days without feeding. 
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tilus sludge remained rather constant. 
This would suggest a fundamental 
physical difference between the two 
bulky sludges. Another difference was 
the effect of dilution on the volume set- 
tled. The zoogleal sludge did not set- 
tle upon dilution to any significantly 
lesser volume, whereas the Sphaerotilus 
sludge was reduced in volume almost 
proportionately to its solids content. 

After the bulky stage was reached, 
the sludge was aerated in an effort to 
reduce its sludge volume index. It 
required 8 days of continuous aeration 
to decrease the index from 385 to 71. 
During this period, the solids concen- 
tration was reduced from 2,674 p.p.m., 
with 91 per cent volatile solids, to 1,875 
p.p.m., with 80.3 per cent volatile sol- 
ids. Sphaerotilus was completely re- 
placed by zoogleal colonies; the sludge 
regained its original color, settleabil- 
ity, and characteristic flora, and the 
bound water was reduced to 58 per 
cent of the volatile solids. 


Discussion 


The foregoing experiments have es- 
tablished a relationship between bio- 
chemical reactions in the activated 
sludge process and the physical prop- 
erties of the sludge. The biochemical 
reactions are influenced profoundly by 
the type of food and the loading fac- 
tor. It has been shown that the re- 
sponses obtained from feeding the 
soluble-colloidal fraction of sewage are 
entirely different than those obtained 
from the settleable fraction. In fact, 
the sludge produced from feeding the 
settleable fraction only, cannot be con- 
sidered as activated sludge but rather 
as some kind of aerated solids with 
none of the visible and essential prop- 
erties of activated sludge. It is black, 
non-flocculent, amorphous, and non- 
zoogleal and it does not bulk under 
high loading conditions. This is a 
sludge formed by the adsorption and 
flocculation of the suspended matter 
which thereupon undergoes a low rate 
of oxidation dictated by the rate at 
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TABLE XI.—Particle Size Effect on 


B.O.D. Rate 
B.O.D. 

Raw sewage solids aaa — 0.22 
Settleable > 100 15 0.08 
Supracolloidal 100-1 » 25 0.09 
Colloidal pp 15 0.22 
Soluble -— 40 0.39 


which the solids become hydrolyzed 
and made available for bacterial oxi- 
dation and assimilation. 


Particle Size Effect 


Sludge accumulates, although pri- 
marily by virtue of adsorption of par- 
ticulate matter. Subsequent biological 
oxidation and formation of protoplas- 
mie growth plays only a minor role. 
It has been demonstrated by Balmat 
(1) that the rate of biochemical oxi- 
dation of the various fractions of sew- 
age is affected by the particle size as 
shown in Table XT. 

While it is true that if primary sedi- 
mentation tanks are eliminated the 
settleable solids will be incorporated 
in the activated sludge and will affect 
its physical properties, the settleable 
solids do not constitute the essential 
ingredient of activated sludge. The 
incorporation of settleable solids in the 
activated sludge would tend to im- 
prove its settleability and would not 
add a great deal to the oxygen demand 
exerted in the aeration tank. By con- 
trast, the soluble-colloidal matter can 
become a part of the activated sludge 
only as a result of biochemical oxida- 
tion, assimilation and synthesis. 

It follows that suspended solids of 
sewage have little, if any, significance 
per se in relation to loading. Loading 
should be expressed on a B.O.D. basis. 
This applies equally well to the ex- 
pression of sludge age on the basis of 
suspended solids in the incoming 
sewage. 
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Food Supply 

These important qualitative differ- 
ences (in respect to particle size) in 
the food in turn affect the character- 
istics of the activated sludge in the 
same manner that they affect the quan- 
titative rates of biochemical reactions. 
With an’ abundant readily available 
supply of food, the rate of biological 
reactions is greatly stimulated ; the or- 
ganisms multiply rapidly, are kept in 
the logarithmic stage of growth and 
produce large quantities of sludge. In 
fact, the greater the load the greater 
the percentage of the food supply re- 
covered as sludge and the smaller per- 
centage destroyed by oxidation. When 
the supply of food exceeds the capacity 
of the organisms to utilize it in a given 
time, the excess is spilled over into the 
effluent. 

The tendency noted with the sludge 
loading factor of one (sludge age of 
1); namely a decreasing sludge volume 
index and decreasing purification, 
reaches the ultimate end point in modi- 
fied aeration with a sludge loading 
factor of 3.33 (sludge age of 0.3), 
which manifests no problem in sludge 
bulking, but on the contrary produces 
a very dense sludge. In this case, bio- 
chemical activities are kept in check 
by reducing the aeration time, so that 
even with a disproportionate food-to- 
organism ratio, oxidation and assimi- 
lation with all its concomitant deleteri- 
ous effects on physical sludge charac- 
eristics are eliminated. 

On the other extreme, when the food 
supply is either greatly reduced or com- 
pletely cut-off, the organisms undergo 
endogenous respiration whereby first 
the excess stored food is attacked and 
then the oxidation of the protoplasm 
itself follows; this results in steadily 
decreasing numbers of organisms and 
decreasing amounts of sludge. 

It has been demonstrated that both 
the bulking and the bound water con- 
tent of the activated sludge is some- 
how related to this total biological mo- 
bilization and response to the quality 
and quantity of the food. They are the 
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physical manifestations and the symp- 
toms of an excessive supply of available 
food in relation to the number of or- 
ganisms. The evidence as to the ex- 
istence of such a relationship is quite 
definite from the standpoint of a posi- 
tive relationship of the physical 
characteristics of the sludge with an 
increasing food-to-organism ratio. The 
counterpart relationship exists with a 
decreasing sludge volume index and 
bound water upon reaeration of sludge 
without the external addition of food 
(sludge loading factor of zero). 
Speculation exists, however, when 
the basic nature of this relationship 
is considered. What is the basic cause 
of sludge bulking and increase of 
bound water when the food and or- 
ganisms relationship is wide? One 
possible explanation may be that the 
organisms produce products under 
these conditions which have a great 
affinity for water. It might be postu- 
lated that microorganisms in the acti- 
vated sludge, during an active logarith- 
mie stage of growth in the presence 
of abundant and readily available 
food, produce more capsular mate- 
rial of polysaccharide nature which 
is highly hydrated. Food is assimi- 
lated more rapidly than can be oxi- 
dized and is transformed into meta- 
bolic products, part of which is se- 
ereted out of the cell and surrounds 
it, forming the capsular material and 
the zoogleal matrix of the sludge. 
Although this may be a contributing 
factor, it is not believed capable of 
explaining the entire phenomenon as 
the following calculations will show: 


Non-Bulky 
Sludge 


Bulky 


Factor Sludge 


Sludge volume after 0.5 | 100 500 
hr. settling (ml./ 

Sludge solids (mg. / 1,000 1,000 

Sludge index 100 500 

Bound water (% of dry 50 400 
matter) 

Volume occupied by 
sludge and bound 
water (ml.) 


1.) 
1.) 


1+0.5=1.5/1+4=5 


4 


4 
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Sludge Volume 


The values assumed for the bound 
water of bulky and non-bulky sludges 
are in accord with the experimental 
results. Despite, however, an assumed 
eight-fold higher bound water content 
in the bulky sludge than the good set- 
tling sludge, the volume oceupied by 
the sludge and bound water is only a 
small percentage of the volume occu- 
pied by the sludge after a one-half 
hour settling period. In other words, 
the increase in the bound water con- 
tent does not per se account for the 
increased volume of the sludge. Other 
changes in addition to the bound 
water, must contribute to the high 
sludge volume. 

The following possibilities suggest 
themselves : 


1. Water that is not necessarily 
actually bound might also increase. 
There is no distinct delineation be- 
tween free and bound water, but 
rather a gradual transition from free 
to bound water with different degrees 
of affinities between the water and col- 
loidal system. Some of this affinity 
may be due to interstitial or capillary 
water without being bound in the 
strict sense of the term. According to 
this concept, the increase in bound 
water represents only one phase of the 
entire change in the total water-colloid 
relationship of the activated sludge 
floc. 

2. An inerease in the bound water 
content of the sludge produces a per- 
ceptible change in the specifie gravity 
of the sludge. The specifie gravity of 
bacterial cells has been reported to be 
around approximately one (8). A 
sludge of a volume index of 50 and a 
bound water content of 100 per cent 
would have an estimated specific grav- 
ity of 1.05. The specific gravity of the 
sludge would decrease to 1.02 when 
the sludge bulks and contains 400 per 
eent bound water. Although the 
change in specifie gravity is small, the 
relative weight of the sludge particle 
in water is reduced from 0.05 to 0.02 
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units, a 250 per cent reduction. The 
lowering of the specific gravity would 
increase the resistance of the sludge to 
settling and reduce the tendency to 
compact by squeezing out the loosely 
associated, non-bound interstitial 
water. 

3. The tendency of the bulky sludge 
floe to become more irregular shaped 
would also tend to increase the fric- 
tional resistance to settling and occlu- 
sion of additional non-bound water. 


Zoogleal Versus Sphaerotilus 


Whether or not the changes in the 
physical characteristics of the sludge 
are due to one or all of these factors, 
or to some other factors not taken into 
consideration, it is clear that they are 
all associated with basie biochemical 
processes originating from the food- 
to-organism relationship. The change 
in the physical characteristics of the 
sludge is not the result of change in 
the type of organism. The physical 
changes were not accompanied by a 
replacement of the zoogleal type of 
growth with Sphaerotilus. When the 
sludge was induced to bulk by feeding 
a high ratio of soluble-colloidal mate- 
rial in relation to the sludge, a shift in 
population from zoogleal to Sphaero- 
tilus type did not take place. The 
predominant organisms were still the 
zoogleal type but were modified in ap- 
pearance. The changes were, there- 
fore, due to a change in the biochem- 
istry and not in the biology of the 
process. Similarly when a_ bulky 
sludge was changed to a good settling 
sludge, a change in the type of popu- 
lation did not take place; it was only 
a change in the physical character of 
the existing population which seemed 
to take place. 

However, when the biology of the 
activated sludge was changed from 
zoogleal type to Sphaerotilus type of 
growth by feeding sugar to the sludge, 
and thereby inducing bulking, there 
was no accompanying increase in the 
bound water. Here other factors be- 
sides the bound water, such as the 
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buoyancy and frictional resistance of 
the filaments, will have to be invoked 
as being responsible for the bulking. 

There was no evidence that dis- 
solved oxygen played a role in these 
changes in the physical characteristics 
of the sludge brought about by changes 
in biochemical reactions. Dissolved 
oxygen was present in the mixture 
when the sludge was induced to bulk 
with high feeding ratios of available 
food to sludge. 

If an attempt were made to combat 
bulking in the presence of large quan- 
tities of available food by increasing 
the concentration of the suspended 
solids in the mixed liquor, e.g. delib- 
erately keeping the loading factors low 
by increasing the mixed liquor sus- 
pended solids, there is a_ possibility 
that unless the oxygenation capacity 
could also be increased an oxygen de- 
ficiency could set in which would viti- 
ate the purification values. Oxygen 
deficiency, in addition to reducing the 
purification, may also affect the biol- 
ogy of the process by inducing the 
growth of Sphaerotilus. Thus oxygen 
deficiency also may be a factor in bulk- 
ing. As discussed previously, there 
was no oxygen deficiency and no 
growth of Sphaerotilus (except when 
sugar was fed deliberately to induce 
its growth). It should be stated fur- 
ther that when the bulking became 
pronounced the experiment had to be 
terminated because of the operating 
difficulties. As a result, it is not 
known whether a change in biology 
(growth of Sphaerotilus) would have 
oceurred with continued operation 
even in the presence of dissolved 
oxygen. 

The results support the generally 
held view that there are two types of 
bulking: Sphaerotilus and zoogleal. 
According to the experiments Spha- 
erotilus growth occurred only when 
sugar was the substrate. The feeding 
of soluble material in sewage did not 
induce the growth of Sphaerotilus. 
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Possibly had the experiments con- 
tinued longer or an oxygen deficiency 
existed, Sphaerotilus might have de- 
veloped when soluble-colloidal material 
of sewage was fed at high loadings. 
There is another difference in the char- 
acteristics of the two types of bulking, 
however: one type is accompanied 
by a high bound water content while 
panied by a high bound water content, 
the other is not. Present knowledge 
reveals that there is justification in 
recognizing the different types of bulk- 
ing, but it is not clear why a high en- 
ergy food such as sugar should induce 
Sphaerotilus growth and the soluble- 
colloidal fraction of sewage should not. 


Chlorination 


The use of chlorine to control acti- 
vated sludge bulking deserves some 
discussion in this general tentative 
concept of bulking. The action of 
chlorine appears to be a physical one 
since the addition of chlorine has an 


immediate effect in reducing the sludge 


volume index and the bound water. 
The previously held views that chlorine 
acts beneficially by keeping in check 
the excessive biological activity or by 
selective killing do not seem to be ten- 
able. The effect can be explained most 
readily by stating that chlorine re- 
leases the bound water from the floc. 
It would be necessary to assume, how- 
ever, that the water is associated with 
proteins which become denatured by 
chlorine and, thereby, lose their water. 
It is doubtful whether chlorine could 
effect the water held by the poly- 
saccharides. 


Effect of Loading 


The tendency for the sludge volume 
index and bound water content to de- 
erease, which was noticed with a sludge 
loading factor of one, might be ex- 
pected to continue with increasing 
loadings until a loading factor of 3.3 
is reached. At this point the sludge 
volume index is very low and the 
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bound water content is also low. This 
is illustrated by the values obtained 
from a sample of modified aeration 
sludge : 


Sludge volume index = 29. 
Bound water per cent of volatile 
solids = 68. 


In addition to not having the physi- 
cal properties of activated sludge, 
modified sewage aeration sludge does 
not give the same degree of purifica- 
tion as obtained by activated sludge. 
Despite the high sludge loading factor 
in this process, biological activity and 
assimilation is kept at a minimum by 
reducing the contact time. It appears 
that the so called high-rate activated 
sludge processes being developed, par- 
ticularly for the treatment of indus- 
trial wastes, are somewhat analogous 
to the modified sewage aeration proc- 
ess. That is, under these high loading 
factors the percentage purification is 
lower than with conventional activated 
sludge, and the sludge being over- 
powered is not flocculent and does not 
bulk or have a high bound water con- 
tent. In fact these high-rate processes 
cannot be considered as activated 
sludge processes. All they have in 
common is that they are all aerobic, 
biological processes. In order to 
avoid confusion, it would be best not 
to refer to them as activated sludge 
processes but instead as aeration or 
bio-oxidation processes. 


Conclusions 


1. The bound water content of a 
zoogleal type of bulky activated sludge 
is higher than that of a sludge with 
a low sludge volume index. 

2. The continuous aeration of a 
bulky zoogleal type sludge, without 
feeding, resulted in a decrease of both 
the sludge volume index and the bound 
water simultaneously with a decrease 
in the sludge-oxygen demand. 

3. Cessation of chlorination of the 
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return sludge in an activated sludge 
sewage treatment plant resulted in an 
increase in the sludge volume index 
and bound water. 

4. Chlorination of a zoogleal type 
bulky sludge gave an immediate de- 
crease in sludge volume index and 
bound water. 

5. Feeding of activated sludge with 
the soluble-colloidal fraction of sew- 
age at a sludge loading factor of 0.5 
resulted in an increase in sludge vol- 
ume index, bound water, sludge oxy- 
gen demand, and percentage of the 
B.O.D. fed recovered as sludge and in 
the nitrogen content of the sludge. 
Feeding the same fraction at a loading 
factor of 0.3 did not give in increase 
in sludge volume index, bound water, 
and sludge oxygen demand, and gave 
the smallest percentage yield of sludge 
in relation to the B.O.D. fed. A sludge 
loading factor of one gave a lower 
increase in sludge volume index, bound 
water, sludge oxygen demand, and per- 
centage of the B.O.D. fed recovered 
as sludge than sludge fed with the 
same fraction at a loading factor of 
0.5. 

6. Feeding activated sludge with the 
settleable fraction of sewage did not 
give any increase in sludge vol- 
ume index and bound water even at 
the highest loadings employed. Sludge 
did accumulate, but this was not due 
primarily to microbial assimilation and 
synthesis, as indicated by the failure 
of the nitrogen content of the sludge 
to increase. It was due primarily to 
adsorption of the settleable solids fed 
by the activated sludge. 

7. To obtain a Sphaerotilus type of 
bulking it was necessary to feed su- 
gar. On bulking this sludge did not 
give an increase in bound water. 

8. The increase in bound water and 
the increase in the sludge volume in- 
dex are considered to be associated 
phenomena. They are the result of 
biochemical processes induced by ex- 
cessive supply of available food in 
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relation to the number of organisms 
(amount of sludge in aeration tank). 

9. The results of this study do not 
indicate that the dissolved oxygen or 
nitrate content of the aeration tank 
are responsible for or are symptomatic 
of bulking. 
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Thirsty citizens and industries have 
eaused one out of four of the larger urban 
areas to report that they will need addi- 
tional water supplies to meet continued 
municipal and industrial growth. This in- 
formation was reported recently by the 
U. S. Public Health Service in announcing 
results of a nationwide inventory of 1,532 
community water facilities. 

The inventory covered all facilities serv- 
ing 10,000 people or more and a 40 per 
cent sample of those serving between 5,000 
and 10,000. The survey was carried out 
under a directive from the Office of Defense 
Mobilization as part of the Government’s 
mobilization readiness planning activities. 
It lists, among other things, population 
served, source of supply, treatment pro- 
vided, capacity, storage and the improve- 
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ments which local officials consider neces- 
sary to main satisfactory service. 

More than one-half of the water supply 
facilities covered by the survey were re- 
ported as needing improvement or enlarge- 
ment, but not all of these involve develop- 
ment of new sourees of supply. About 
one-fourth of the facilities need additional 
distribution systems, due in part to the 
growing practice of municipalities to pro- 
vide water service to suburban areas, 

Greater conservation of available water 
resources through pollution control is be- 
The 
adequate treatment of wastes to permit 
more extensive use of available surface 
water is the logical answer to some of the 
present supply problems. The situation 
provides a provocative challenge to the 
sanitary engineer. 


coming more apparent in many areas, 
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THE OPERATOR’S CORNER 


ConpucTEeD By DonaLp P. ScHiEsswoHL 


Chairman Niles:—Our plan is to di- 
vide this discussion into about three 
parts. The first part is to be for the 
larger sewage treatment plants with 
problems of organization. The second 
and third parts will be devoted to the 
problems of middle-size and small 
plants. 


Organization of Large Sewage 
Treatment Plants 


George S. Long, Operations Super- 
visor, Sewage Treatment Works, 
Akron, Ohio:—The topie I wish to 
discuss is vertical versus horizontal 
supervision at sewage treatment works. 
Vertical supervision is shift supervi- 
sion, limited in time but unlimited in 
space within the plant area. It might 
also be called operation supervision. 
In horizontal supervision, space is lim- 
ited but not time. In other words, 
it is department or product super- 
vision. 

This is not a subject of great interest 
to small plant operators or to opera- 
tors of large plants where only partial 
treatment is practiced. The problems 
of a screening plant, for instance, can 
be handled by the plant superin- 
tendent with shift foremen to care for 
the operating detail. The problems of 
a large treatment plant having com- 


*From transcript, 28th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Atlantic City, N. J.; Oct. 10-13, 
1955. 
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plete treatment and sludge disposal, 
however, are often more than one man 
can cope with successfully. Then, it 
becomes necessary for the superin- 
tendent to have technical assistance in 
some form. Product supervisors or 
department supervisors may be em- 
ployed to handle the details of the 
various operations (horizontal super- 
vision). Alternatively, if the superin- 
tendent is able and chooses to handle 
all the detail himself, he may need 
only chief operators or shift super- 
visors to oversee the operations on each 
shift (vertical supervision). 

With vertical supervision the shift 
supervisor is, for all practical pur- 
poses, a shift foreman directing the 
work of the operators and others on 
the shift. He plans the work of the 
shift only in aspects that deviate from 
the routine. He sees to it that the 
operations in process at the start of 
the shift are carried on, perhaps makes 
some slight modifications, and he 
turns the plant over to his relief prac- 
tically as he received it. He may think 
that a certain operation should be 
modified, but he does nothing about 
it because the superintendent has not 
ordered it, because his relief may not 
agree with him and because he has no 
authority to issue orders affecting 
other shifts. If he is on a night shift 
he may not see the superintendent for 
several days and then it may be too 
late to discuss the change. He may 
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think that the superintendent is fa- 
miliar with the condition and wants 
it to exist. He will do what is needed 
to keep the plant operating but he 
will not change operations and thus 
improve production. 

With horizontal supervision, each 
supervisor is a department or division 
head with a chief operator or shift 
foreman to handle the operation de- 
tails during each shift. For example, 
there might be a supervisor of primary 
treatment, a supervisor of secondary 
treatment and a supervisor of sludge 
disposal. In some treatment plants it 
might be possible to combine two of 
these departments under a single su- 
pervisor. In extremely large plants it 
might be necessary to subdivide some 
of these departments. In all cases, 
however, each department head would 
be responsible for the operation of 
his own department and, by studying 
the effect of various changes in op- 
erating procedure, could maintain a 
high level of efficiency. 

Plant maintenance and laboratory 
control are one-shift jobs which are 
best handled by general supervision, di- 
rected by the superintendent through 
a maintenance supervisor and a chief 
chemist. Personnel is another area 
suitable for general supervision under 
a personnel supervisor responsible for 
handling the various grievances and 
other related matters with which the 
superintendent is constantly besieged. 

These conclusions have been drawn 
from experience gained at the Akron 
Sewage Treatment Works during the 
past 12 years. The plant was con- 
structed in 1928 to handle 33 m.g.d. 
through Imhoff tanks and trickling 
filters, with the sludge dried on open 
beds. This type plant did not present 
many problems in supervision and 
none in shift supervision. Only two 
men per shift were required to handle 
night operation. 

However, the original treatment 
plant was overloaded within two years 
after completion. Sludge drying ca- 


SEWAGE AND INDUSTRIAL WASTES 


April, 1956 


pacity was grossly inadequate and 
kept supervision constantly on the 
jump to provide additional sludge bed 
area. With the manpower shortage 
that developed with the advent of the 
Second World War, it was impossible 
to get labor to clean the sludge beds. 
Therefore, lagoons were constructed 
until there were 45 acres of lagoon 
area with a capacity well over 1,000,000 
cu. yd. 

New sludge digestion and disposal 
facilities were started in 1948 and com- 
pleted early in 1953. This relieved 
the lagoon situation but did not im- 
prove the overloaded condition of the 
Imhoff tanks and trickling filters. 

Construction currently in progress 
on a new detritus unit, primary set- 
tling tank and activated sludge facili- 
ties will provide ample capacity for 
present needs. When this treatment 
plant is put in operation, it will re- 
quire an operating force of from 15 to 
20 men per shift. In addition, there 
will be a maintenance force of 25 or 
30 men, and an administrative and 
laboratory force of at least 7, making 
a total of about 100 employees. 

The efficient operation of the new 
plant will depend to a large extent 
on the organization of this group into 
a smoothly working force. The ques- 
tion is: should it be organized with 
vertical or horizontal supervision ? 

Chairman Niles:—We will continue 
this discussion by hearing two opera- 
tors from large sewage treatment 
plants, one from the Chicago Sani- 
tary District and the other from New 
York City. 

A. H. Goodman, Sanitary District 
of Chicago, Chicago, Ill.:—As men- 
tioned by Mr. Long, the size and type 
of treatment plant determines to a 
great degree the organizational pattern 
most desirable for the supervisory 
staff. In a plant where there are 20 
or more men on duty per shift, I 
believe that the vertical or shift super- 
vision plan is essential. These shift 
supervisors should be thoroughly ac- 


‘is 
& 
3 
| 

| 


Vol. 28, No. 4 


quainted with the operation of the 
various treatment units and act as 
leaders in responsible charge of all 
routine and emergency operations on 
their shifts. Without adequate shift 
supervision, the best plans made by 
any horizontal supervisory setup will 
be greatly handicapped. 

| believe that, in a treatment plant 
of the size mentioned, there cannot 
be a clear-cut choice of vertical or 
horizontal supervision but rather a 
combination of both. Sometimes it 
will even be necessary to follow a 
diagonal path. It is, of course, highly 
desirable to establish the best possible 
theoretical organization for supervi- 
sion of a treatment plant. However, 
I believe that most operators are faced 
with the problem of having employees 
with certain abilities and limitations 
and are forced to fit the organization 
to the available personnel. 

Arthur J. Scanlon, Chief of Main- 
tenance and Operation, Bureau of 
Sewage Disposal Operations, Depart- 
ment of Publie Works, New York City, 
N. Y.:—About 20 years ago we put 
in a sewage treatment plant of about 
20 m.g.d. at Coney Island. At the 
present time the New York City De- 
partment of Public Works operates 
and maintains 15 sewage treatment 
plants treating over 600 m.g.d. In 
1952, three new sewage treatment 
plants were placed in operation hav- 
ing a design capacity of around 300 
m.g.d. Prior to the opening of these 
three new plants organizational prob- 
lems were anticipated and were gradu- 
ally settled on the basis of a_ hori- 
zontal supervision on a high level. 

In treatment plants there is defi- 
nitely vertical supervision of the op- 
erating personnel from the chief op- 
erator down. However, with so many 
plants, horizontal supervision has 
been the best solution to some of the 
problems. 

For instance, we have four self- 
propelled sludge vessels servicing 9 
plants. Every so often the sailing 
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schedules are delayed because of fog 
or storms and then there are usually 
9 chief operators on the telephone ask- 
ing ‘‘When do I get a boat?’’ You 
cannot give them all a boat immediately 
so we have a port captain in the 
bureau office who is responsible for 
proper scheduling and operation of the 
sludge vessels. 

Another problem is that the opera- 
tors cannot find time to do all the 
repairs and the necessary maintenance. 
Routine operation work eventually 
suffers if they try to do too much. 
As a result, some of this work must 
be done by outside agencies or con- 
tractors. This requires another hori- 
zontal setup which consists of staff 
men to write specifications and pro- 
vide inspection for mechanical and 
structural contract work. There are 
also staff men who provide the above 
services for all the electrical equip- 
ment. 

Treatment problems are another 
phase of sewage operation which are 
most suitable to horizontal supervi- 
sion. The staff men in this section 
look at the whole setup for all 15 
plants and make plans accordingly. 
For instance, sometimes one treatment 
plant will work out a new solution 
to a problem. Then the treatment men, 
working along the lines of horizontal 
supervision, can instruct and carry out 
the procedure at other plants. 

We have 35 gas engines in eight of 
the plants and repairing them under 
contracts has been troublesome. When 
you have to write a contract for re- 
pairs to an engine without knowing 
exactly what is wrong with it, you are 
looking for trouble. You generally 
get it because there are always extras 
for repairs that are required when 
the engine is dismantled. As a result 
of this problem, a gas engine main- 
tenance force has been formed and 
carries out the repair work required. 
This force has been completely satis- 
factory and is an example of how hori- 
zontal control can be effective. 
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Vertical controls of the operating 
shifts at the different plants and hori- 
zontal controls at a higher level have 
proven satisfactory. The blending of 
both vertical and horizontal controls 
into a coordinated unit results in 
smooth operation. As Mr. Goodman 
put it, diagonal control accomplishes 
the same thing. 

Ralph A. Hoot, Chief, Sewage Treat- 
ment Section, Philadelphia, Pa. :— 
Philadelphia has three sewage treat- 
ment plants, two of which have been 
completed and a third one will be in 
operation in December, 1955. These 
three plants will have slightly more 
than 200 employees. At the Northeast 
works there will be 10 men on each 
shift; at the Southwest works, 6 men; 
and at the Southeast works, 5. This 
makes a total of 21 operating employ- 
ees per shift. 

When I started work in Philadelphia 
five years ago, I had hoped to hire four 
young graduate engineers or chemists, 
who would be stationed at the North- 
east works in the laboratory and would 
be the key men. They would be the 
shift supervisors in addition to being 
responsible for the laboratory work. 
Unfortunately, we were unable to 
obtain the desired type of person at 
the time. 

At the present time, in the North- 
east treatment plant we do have what 
we call ‘‘round-the-clock’’ laboratory 
control. We have four chemists cov- 
ering three shifts. Not all have col- 
lege degrees, but they are good op- 
erators who came from the water de- 
partment and whom we have trained 
to do laboratory work. 

Experience has taught us that 10 
men on a shift were sufficient for dry 
weather flow when there were no 
troubles, but they were inadequate for 
other conditions. We were plagued 
incessantly by men failing to report 
for work. Quite frequently we had 
trouble with sludge pumping and 
during storm periods, there was quite 
a lot of difficulty with the old ma- 
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chinery. So through tne months, it 
gradually developed that one extra 
man. was placed on each shift. He is 
simply an extra sewage treatment op- 
erator. These men happen to be men 
who have been employed the longest 
and they are sort of working into the 
pattern of a shift supervisor. 

At the Southwest works, where there 
are six operators, it looks as if the 
pumping operator will gradually de- 
velop into a key man, primarily be- 
cause his headquarters will be in a 
building where the laboratory and 
offices are located and he will have 
convenient access to a telephone. At 
the present time, however, the pump- 
ing station operator will stay at the 
same level as the sewage treatment op- 
erators in that treatment plant. 
Eventually someone on each shift in 
each plant will become a sort of key 
man. 

I agree thoroughly that there is no 
vertical and horizontal supervision that 
will work perfectly in any treatment 
plant. 

We are gradually enlarging the staff 
in Philadelphia and getting some- 
where. Our new Civil Service Com- 
mission is splendid and, even though 
some of the things I have in mind are 
not coming as rapidly as I would like, 
working conditions are vastly im- 
proved from what they were in 1950. 
For instance, several of the staff have 
had professional training. I am a 
civil engineer with a sanitary option. 
We also have a chemist and a chemi- 
eal engineer. An electrical engineer, 
who will be on the staff level, has just 
recently arrived. Although the elee- 
trical and maintenance men will still 
be in charge of the maintenance work 
of the three plants, it is hoped that 
the new engineer will have consider- 
able to do with the electrical layouts 
in the plant and will advise us. He 
will also probably be the key man 
for the time being at the new South- 
west works. Next year we will have 
an opening for a mechanical engineer 
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who will be on the staff level and 
will also be the key man on mainte- 
nance work. 

Chairman Niles:—Problems of the 
middle-size and small sewage treat- 
ment plants are of concern to many 
of the operators. The next discusser 


is from a middle-size plant in upstate 
New York. 


Digester Scum Control 


Uhl T. Mann, Superintendent, Sew- 
age Treatment Plant, Onondaga Pub- 
lic Works Commission, Baldwinville, 
N. Y.:—Probably the greatest single 
difficulty experienced with the opera- 
tion of our sludge digestion units has 
been scum. Most digester scum is com- 
posed of an accumulation of grease, 
raw and digested sludge, plus such 
materials as matches, hair, paper, 
rags and many inert materials with a 
low specific gravity. These scum- 
forming materials come from indus- 
trial plants such as: slaughter houses, 
meat packing plants, food processing 
plants, soap factories, oil refineries, 
tanneries, machine shops and hat and 
glove factories. 

The scum to which I have reference 
is the type that reaches a depth of 
4 to 8 ft. and acquires a consistency 
which makes it impossible to be moved 
by pumps. This condition is not uni- 
versal, but many instances of serious 
seum problems have been reported in 
the literature. Some of these have 
been corrected; others remain a per- 
plexing problem. 

The presence of a heavy layer of 
scum at the top level of the digester 
presents the following problems: 


1. Loss of digester capacity. 

2. Increased cost of operation. 

3. Danger of damage to the digester 
structure in the event scum prevents 
normal overflow of supernatant or 
sludge. 


Practically all digester seum prob- 
lems are the result of adding screen- 
ings and grease from primary clari- 
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fiers. It is well known that grease 
digests quite readily at a temperature 
of about 95° F., if conditions are such 
that intimate contact of bacteria and 
other microorganisms can be made 
with the particles of grease. To pro- 
vide the needed contact, some form 
of mixing must be used. The litera- 
ture refers to both gentle and violent 
mixing. The gentle mixing is usually 
accomplished by recirculation of warm 
supernatant liquors into the gas dome 
or by slow moving mechanical scum 
breakers. The more violent type of 
mixing is provided by high capacity 
mechanical mixers or by gas disper- 
sion devices. In most instances one or 
the other type of mixing has eventu- 
ally proved successful in seum con- 
trol. There are, however, instances 
where both methods have failed to im- 
prove conditions. 

Studies conducted at the Ley Creek 
sewage treatment plant in Syracuse 
(N. Y.) some years ago showed that 
grease digested quite readily at 95° 
F., but that a mixture of grease and 
ground screenings required almost 
twice as long a digestion period. It 
was also shown that materials like 
pieces of rags, hair, straw and small 
pieces of wood never digested in a 
normal digestion cycle and eventually 
had to be removed from the digesters. 
Another item that adds to scum 
troubles is the increasing use of in- 
dustrial paper towels. This type of 
paper requires a considerably longer 
digestion period than do toilet and 
facial tissues. 

The studies at the Ley Creek plant 
also showed that the digestion of 
sludge with grease and screenings re- 
quired a longer period than for sludge 
alone. It was also demonstrated that 
the volume of gas produced with 
grease and screenings was greater than 
the volume produced from only grease. 
However, the volume of gas produced 
per pound of volatile matter was lower 
than the gas from sludge alone. The 
most pertinent fact brought out by the 
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Ley Creek studies was the loss of ca- 
pacity due to a gradual build up of 
a layer of scum which reduced the 
active capacity of the digester. Con- 
tinuous mixing improved the scum 
conditions but never reduced the layer 
sufficiently to restore the digester to 
normal active capacity. Another test 
run, with digestion of sludge only, 
failed to develop any noticeable scum 
conditions. As a result of these stud- 
ies, the pumping of grease, seum and 
screenings to the digesters was discon- 
tinued, and then no 
troubles have been experienced. 
According to Rudolfs (see Sewage 
Works Journal, 16, 6, 1125 [Nov., 
1944|]) the addition of too large a 
quantity of grease to a digester may 
result in a rapid accumulation of fatty 
acids which will lower pH _ values. 
Acid conditions retard methane pro- 
ducing organisms but do not affect car- 
bon dioxide production. If the greases 
eontain an unusually large amount of 
soaps, it is necessary to supply addi- 


since seum 


tional nitrogen to promote proper bio- 


logical activity. The presence of large 
quantities of certain types of mineral 
oil will inhibit the processes. 

There are two methods for solving 
the problem of seum. The best method 
is to exclude the bothersome materials 
at the source. This is the simplest 
and most effective method but it is not 
always practical or possible. The other 
method is to provide control methods 
at the sewage treatment plant. 

The Ley Creek treatment plant ex- 
perienced difficulty for a 9-year pe- 
riod during which ground screenings 
and scum were pumped to the di- 
gesters. In two years the scum would 
accumulate to a depth of about 4 ft., 
necessitating dewatering of the tanks 
to remove the accumulated scum and 
thus restore capacity needed for nor- 
mal operation. On one occasion 30 
days of continuous recireulation of 
sludge from the zone of active diges- 
tion to the gas dome failed to improve 
conditions. This condition was prob- 
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ably caused by the presence of hair 
and paunch manure which matted the 
top scum together in a mass that would 
not move to the gas dome to be broken 
up. 

During a construction program in 
1950 an incinerator was installed for 
burning screenings and skimmings. 
The specifications called for sufficient 
capacity to incinerate to complete 
combustion sewage screenings of ap- 
proximately 90 per cent moisture con- 
tent at the rate of 1,000 Ib. per hour. 
The incinerator was equipped with 
dual-fuel burners to burn gas, oil or 
any combination of these fuels. 

The present operating program calls 
for preheating with gas, use of oil 
with gas to facilitate burning, and 
then the use of gas alone to complete 
the burning cycle. The unit is nor- 
mally operated every other day and 
is used more often if needed. 

If the present Ley Creek digester 
capacity of 240,000 cu. ft. were oper- 
ated with the same seum problems 
encountered at the treatment plant 10 
years ago there would be an annual 
loss of 18,000 cu. ft. of digester ca- 
pacity, with the resulting need for 
cleaning every two years. The loss of 
capacity would have a value of 
$50,000. 

The scum problem at this plant has 
been eliminated by the investment of 
$14,000 for an incinerator. We agree 
that there are several methods for 
improving or controlling seum condi- 
tions, but we also feel that any ma- 
terial which might tend to cause seum 
should be removed from the sewage 
and not pumped to the digesters. Even 
though these materials have value for 
the production of gas, the value of 
the gas produced will be relatively 
small compared to the capital invest- 
ment required to provide additional 
capacity. 

John O. Barrett, Superintendent, 
Westerly Sewage Treatment Plant, 
Cleveland, Ohio:—It has been stated 
that one treatment plant has a scum 
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problem because it has 4 ft. of scum 
accumulation in a year. If I had only 
4 ft. of seum accumulation in a year 
I would think my problem was solved. 
It happens that on the average, we 
accumulate about 1 ft. per month in 
each digester. It is imperative to 
pump down the digesters annually. 
This year the scum has been removed 
from each digester once and some will 
be cleaned a second time. I don’t 
know exactly what the present accumu- 
lation rate is because, in going over 
my data for the September, 1955 re- 
port, I found that an average of almost 
3 ft. of seum had accumulated in each 
digester during that month. This 
means all of the solids rise to the top, 
but I have no means of removing sol- 
ids from the top of the digesters. The 
scum must be broken up and pumped 
from the bottom. 

However, we have been experiment- 
ing for more than a year with gas 
recirculation. Some features of gas 
recirculation have proven successful, 
but it hasn’t solved our problem. We 
are using this system in an old di- 
gester installation with only two points 
of application. This limits the ef- 
fectiveness. One thing we did find 
was that, as Mr. Mann has said, there 
are certain kinds of material in the 
scum which do not digest at any time. 
We have our percentage of that type 
of material. We are also adding all 
our grease to the digesters. The Im- 
hoff tank gas vent scum is not added 
to the digesters but mixed with di- 
gested sludge and filtered. Seum is 
an ever-increasing problem at our 
plant and I don’t see any solution to 
it in the near future. 

We know that if certain things are 
kept out of the digester we would have 
fewer problems. We are attempting, 
in the industrial wastes program, to 
educate the packers not to put in vari- 
ous materials. They inform us that 
they sell all of their wastes such as 
hair and grease as by-products and 
don’t put them in the sewers. <A large 
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number of industries are involved, 
however, and we realize that, by the 
time each one adds a small amount of 
the materials they say they don’t, the 
accumulated total over the period of 
a year can give the treatment plant 
a great problem. 

We could possibly separate the 
grease, but we also get straw, hair, 
entrails and hoofs, as well as paper 
and rags. I have never seen a method 
whereby these could be separated. 
Probably fine screening would do the 
job, but that would take us back 
where we started years ago. There 
still are a lot of questions to which 
we have not found answers. We go 
along a couple of steps and think we 
are on the right track and then some- 
thing else comes along and gives us 
another shock. 

William H. Higgins, Superintendent, 
Sewage Treatment Works, Ewing- 
Lawrence Sewerage Authority, Tren- 
ton, N. J.:—We have been in opera- 
tion about two years and we pump 
about 2,000 cu. ft. of raw sludge every 
day. About six months ago we found 
we had about eight feet of scum in 
the digester. We finally added 20 lb. 
of alum to the raw sludge and reduced 
the scum depth from 8 ft. to 2 ft. 
That seems to be the answer to our 
scum problem. Of course, we had to 
add lime to keep up the pH in the 
digester. That was our way of solving 
a very acute problem. The scum also 
clogged the supernatant selector 
screens in the digester and the alum 
also cleared them up. 

From the Floor:—I would like to 
ask Mr. Higgins what he is going to 
do with the stuff at the bottom of the 
digester after he has used alum for 
some time. 

Mr. Higgins:—We realized when 
we started adding alum that we might 
have trouble with the thick sludge in 
the bottom of the digester, so about 
every two days we draw sludge and 
so far we haven’t had any trouble. 
Of course, we have only been experi- 
menting with it for about six months. 
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Chairman Niles:—What about your 
gas production and volatile acids? 

Mr. Higgins:—The gas production 
went from about 350,000 eu. ft. per 
month to close to 1,000,000 eu. ft. I 
don’t reeall the volatile acid values. 

T. R. Haseltine, Chester Engineers, 
Pittsburgh, Pa.:—I am no longer an 
operator, but I am very much inter- 
ested in the operator’s problems. | 
was particularly interested in Mr. 
Mann’s statement that these seum- 
forming materials had no business in 
a digester. I think that would indi- 
cate that he does not favor com- 
minutors or screen shredders. I think 
I agree. But what about this matter 
of grease? Maybe it doesn’t belong 
in a digester, but what are you going 
to do with it? 

Some years ago we had an incinera- 
tor in the Erie (N. Y.) sewage treat- 
ment plant and we attempted to burn 
the grease. But at times there was 
so much grease we almost burned up 


the plant along with the grease. It 
is a terrible job to try to run an in- 


cinerator on the skimmings because 
they are so variable in their heat value. 
You ean’t control the incinerators or 
the loading. 

Darwin B. Kissinger, Superintend- 
ent, East Side Sewage Disposal Plant, 
Topeka, Kans.:—Our scum is taken 
eare of by mixing and steam injection. 
We take feathers, hair and anything 
that we can handle cheaper than in- 
dustry. In fact, a lot of things are 
received that can’t be satisfactorily 
handled. We have about 75 per cent 
volatile sludge coming out of the di- 
gester and 50 per cent solids. We are 
very pleased with our digester opera- 
tion. 

C. C. Larson, Chemist, Springfield 
Sanitary District, Springfield, TIl.: 
—I think one of the most gratify- 
ing and comforting things about com- 
ing to one of these forums is to find 
that you are not as badly off as some 
of your compatriots. 

When I left Springfield last week 
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we were in the throes of emptying a 
95-ft. digester. It is a messy job and 
we feel terribly abused to have to go 
into it once every five or six years. 
At this forum I find men talking about 
cleaning their digesters every year or 
two, so I guess perhaps we don’t have 
any justification for feeling sorry for 
It is just a matter of rou- 
tine apparently. 

On this subject of scum, the tank 
that we just cleaned was stuck com- 
pletely. The gas production had fallen 
off to virtually nothing. There was 
about 3 ft. of scum which was dry 
enough to walk on and also a great 
amount of mineral oil. Unfortunately 
the oil doesn’t stay on top. It mixes 
with the hair and the rough material 
so that it is found throughout the 
entire scum layer. I think we all 
agree that mineral oil has no business 
in a digester, but it is pretty hard to 
keep it out unless you burn the ma- 
terial that you take off your skimming 
basins. 

[ have heard glowing reports about 
recirculation with gas. If it will ac- 
complish one-half of what is claimed 
for it, it should be the answer in regard 
to this seum problem. I have always 
maintained that a healthy digester will 
always have a certain amount of scum 
in an active state of digestion. 

My concept of digestion is that the 
sludge comes into the digester a little 
chilly. It begins to warm up and, of 
course, goes to the top and there the 
digestion or fermentation takes place. 
After the buoyant organic matter has 
been reduced the sludge gets heavy 
enough to settle to the bottom of the 
digester. So, while there is always a 
layer of scum at the top of the digester, 
it is a continually changing layer and 
I believe that the bulk of the gas is 
produced in this seum layer. But 
when it gets dry enough to walk on, 
that is a different matter. 

We have not gone in for stirring 
with gas yet but we are considering 
it very seriously. Frankly, I think it 
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has much more promise than control 
with chemicals. We have discussed 
the question of whether or not to add 
lime to the digester for 20 years and 
it was with a certain degree of disap- 
pointment that I heard Mr. Higgins 
report that they were not only liming 
but were also adding alum to a di- 
gester. Recirculating gas at least does 
not put any foreign matter back into 
the digester. This is an important 
matter and I should like to hear more 
discussion on it. 

Chairman Niles :—Just to make some 
of you operators who don’t have to 
clean digesters more than once every 
four or five years feel good, I might 
say that in Toledo we have 8 digesters. 
Four of them have never been opened ; 
have never been cleaned in 23 years 
of operation. Of the other four, three 
have been cleaned once and one of 
them twice. 

J. B. Hanlon, Superintendent, Sew- 
age Treatment Plant, Metropolitan 
District Commission, Quincy, Mass.: 
—lI like Mr. Mann’s method of destroy- 
ing undigestible seum material by in- 
cineration. We have been thinking 
about using this method: that is to 
pump this material at a controlled 
rate, say 3,000 to 4,000 gal. per week, 
from each primary digester to an in- 
cinerator and burn it, together with 
other combustible materials accumu- 
lated around the plant. This would 
solve both the problem of seum ac- 
cumulation and that of disposal. We 
collect about 400 tons of grease and 
scum per month, 100 tons of which 
is non-saponifiable. 

This material developed a scum 
layer 12 to 14 ft. in depth in the see- 
ondary digesters. We were aware of 
this build-up taking place, but post- 
poned tank cleaning while trying other 
less drastic means of solving the prob- 
lem. Early in 1955 it was necessary 
to move the floating cover. This 
caused the scum blanket to tip, which 
foreed the vertical piping out of align- 
ment with the gas dome and inspection 


1955 OPERATORS’ FORUM 


583 


manhole inlets, damaging some pipes 
and splitting the gas line. 

The cleaning of this digester did not 
present any great problems. Good 
ventilation was obtained by borrowing 
the main building ventilating fans and 
connecting them to the digester man- 
holes. Nobody enjoyed the work, but 
it wasn’t any great project. The job 
of cleaning the second digester is now 
well along. We used about two tons 
of sodium hexametaphosphate (Cal- 
gon) as an experiment to liquefy 
heavy, fibrous scum and it certainly 
did help. 

Walter A. Sperry, Superintendent, 
Aurora Sanitary District, Aurora, 
Tll.:—I just wanted to ask Mr. Han- 
lon to expand on the use of Calgon. 

Mr. Hanlon:—I am not a chemist. 
In the literature on new products I 
read about the use of Calgon. Some- 
body brought me a pint bottle of Cal- 
gon which I tried in one of the grease 
pits and was pleased with the effect 
it had on the collection of skimmings 
and grease. The Calgon would liquefy 
the grease and scum, making pumping 
possible. We used larger quantities 
than necessary in the first digester 
cleaning job and I was convinced later 
that we did not get good mixing. The 
scum blanket I am talking about re- 
sisted shoveling, that is, the material 
that was really dry. 

In the first cleaning job we poured 
the Calgon solution into the digester 
through the top openings, and used 
hoses for mixing and moving accumnu- 
lations of the seum material which re- 
mained on the pipes. Later we used 
a large sump pump to introduce the 
Calgon into the digester. Better mix- 
ing was the answer to improved lique- 
faction of the seum. 

John W. Hood, Superintendent, 
Sewage Treatment Plant, Ridgewood, 
N. J.:—Some years ago Colonel Hard- 
enbergh and I compared notes and 
decided that we could do some research 
work and find out why some areas 
suffered from scum and some did not. 
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We found that where the water supply 
had a high salinity there were no scum 
problems, but the treatment plants had 
corrosion and failure of metallic struc- 
tures in the digesters. At the Ridge- 
wood sewage treatment plant this in- 
formation was translated into terms of 
sewage treatment plant practice some 
17 or 18 years ago as a result of find- 
ing out that we too were developing 
a scum problem. We did not have a 
scum problem at first because of the 
enhanced SO, content in the liquid and 
solid constituents due to chemical pre- 
cipitation with aluminum § sulfate. 
Much of the sulfate naturally found its 
way into the digester with the aceumu- 
lated sludge. When we discontinued 
aluminum sulfate coagulation, during 
World War II, we began to experi- 
ence scum build-up. 

It would seem that although carbon 
and nitrogen are generally recognized 
as nutritional elements, there are 
groups of organisms concerned with 
the assimilation and transformation of 
fat and grease which need sulfur for 
their structural and metabolic require- 
ments. This is a strange fact but, as 
Mr. Higgins has reported, when you 
use it skillfully you can benefit by it. 
When you overdo it, you get into 
trouble. 

From the Floor:—I am amazed to 
find from Mr. Higgins that he is using 
only 20 lb. of alum for 2,000 Ib. of 
raw sludge. That is hardly more than 
you get from the normal use of tooth- 
paste. 

Mr. Hood:—That is correct. We 
were using 25 lb. of alum per day to 
7,000 gal. of sludge input averaging 
4 per cent solids and we had to reduce 
the amount used because the solids in 
the bottom of the digester increased 
to 12 per cent which we couldn’t get 
out. So we simply controlled the 
amount of aluminum sulfate to get 
back down to about 8 per cent solids 
content. 

From the Floor:—This discussion 
seems to have settled down to the scum 
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problem entirely. How many of the 
operators are still bothered with pull- 
ing heavy sludge out of the digester? 

Chairman Niles:—The two are very 
closely allied. If your solids don’t 
sink they go to the top and you have 
scum. 

From the Floor:—The reason I 
brought that up is that the engineers 
at the treatment plant in Chicago dis- 
covered that Calgon or sodium hexa- 
metaphosphate is an excellent material 
for liquefying that conerete-like sub- 
stance that forms in the bottom of the 
digester when there is a carry-over. 

I understand that Calgon is used 
in the oil fields to maintain the 
sludge in the mud to counteract the 
effect of the oil and gas in the bore- 
holes. This makes it possible to pump 
out the stuff that ordinarily has to be 
dredged out with a clam shell. It has 
been reported that 3 Ib. of Calgon was 
left overnight in a digester that had 
been de-watered almost as far as it 
could be. Amazingly enough, it was 
possible to remove about a quarter of 
these solids the next day by pumping. 
And, instead of spending weeks trying 
to get the stuff out the operator was 
able to pump it all out in three days. 
Calgon seems to put the solids into 
a suspension by a physical rather than 
a chemical action; it just sort of lubri- 
cates it more than anything else. 

Mr. Mann:—tThere is no doubt that 
detergents help. We found that the 
bottom stuff moves more easily with 
a gradual increase in the use of de- 
tergents. They disperse the materials. 

F. H. Miller, Chief Engineer, Hamp- 
ton Roads Sanitation District Commis- 
sion, Norfolk, Va.:—We have tried gas 
recirculation on three digesters. On 
one of them the cover was floating 
on 6 or 8 ft. of seum solids, with 
practically no contact with the liquid. 
Gas was blown in and circulation ob- 
tained at two points. It apparently 
did bring some of the seum in contact 
with the liquid but very little progress 
was made. On another active digester 
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the gas production increased 30 to 40 
per cent for a period of about 10 to 
14 days. The digester stayed active, 
but there still was about the same 
amount of scum over a large part of 
the digester surface area. 

The third digester happened to be 
one on which a cover had not been 
installed and just air was blown in 
to see what the physical action would 
be. We broke up perhaps 20 per cent 
of the scum area in about 10 days time 
but the rest of the scum seemed to stay 
together and in place. 

We are of the opinion that gas re- 
circulation will blow a hole in the 
scum layer but that it doesn’t help 
too much on the cireulation. 

Mr. Barrett :—During our first ex- 
periment with gas recirculation, a 
small compressor was used. Three 
points of application through the cover 
were available. The edge position was 
too close to the edge of the cover to 
be practical. The intermediate point 
could not be sampled but we found 
that at the center position an area 
8 ft. in diameter was well broken up. 
Gas, applied by use of a pipe inserted 
at the periphery and moved at short 
intervals, proved effective. 

To determine the relative operation 
of a digester with gas recirculation 
under ordinary conditions, another 
digester was run in garallel at- 
tempting to keep all conditions equal, 
such as solids added and temperatures. 
After a period of several months, the 
scum depth in the recirculated digester 
was about one-half that of the control 
digester. However, laboratory analy- 
sis showed that the solids content in 
the scum of the experimental digester 
was double that of the control. There- 
fore, the scum was compact, but had 
an equal weight of dry solids. When 
the digester was pumped down for 
the removal of the scum, the concen- 
trated scum caused the steel members 
supporting internal piping to bend and 
the gas line to break. 

The experiment was repeated using 
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a large compressor and four inter- 
mediate points of application. This 
application we feel will be much more 
effective but the piping arrangements 
make the taking of samples difficult. 
Sampling at an inspection well near 
the edge of the cover indicates a slow 
scum build up, but this sampling point 
is not representative. 

The consensus of opinion seems to be 
that gas recirculation of one type or 
another increases gas production. 
However, we have found that the re- 
circulation of supernatant or of gas 
does not give us any appreciable in- 
crease in gas production. Recircula- 
tion has indicated improvement over 
a short period of time but results are 
not conclusive. 

Another interesting fact is that at 
the present time two of our 50-ft. di- 
gesters have scum blankets of ap- 
proximately 9 ft. in depth and these 
digesters are now very active in gas 
production. Therefore, it does not 
always follow that having heavy scum 
accumulations means poor gas produc- 
tion. I am not trying to give explana- 
tions but merely indicating our ex- 
perience. Good gas production with 
limited digester capacity may be due 
to accelerated digestion or higher 
charging rates for available capacity. 
The higher production of gas results 
in a natural recirculation of solids 
which, in my opinion, is the best type 
of recirculation and surely the least 
expensive. 

Chairman Niles:—Of course, any 
digester that is rapidly gasifying is 
active and there isn’t anything that 
is dead about it, regardless of how 
much scum there is on the top. 

W. T. Barron, Superintendent, Sew- 
age Treatment Plant, Hampton Roads 
Sanitation Commission, Norfolk, Va.: 
—The test run on gas recirculation in 
an active digester increased gas pro- 
duction by 22 per cent. Previously 
98 per cent of the gas was produced 
in the primary digester. After we 
had recirculated gas into the active 
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primary digester for approximately 10 
days, the gas production split may be 
60-40 showing that the sludge was 
mixing and going over into the sec- 
ondary digester more than it had 
heretofore. 

L. 8. Kraus, Chemist, Greater Pe- 
Sanitary District, Peoria, Ill.:— 
We have an activated sludge treatment 
plant with four 85-ft. digesters operat- 
ing in parallel and two open-storage 
tanks for secondary digestion. All of 
the primary digested sludge is trans- 
ferred to one of the two secondary 
tanks so that all of the secondary scum 
will form in one tank. We have no 
scum problem in the primary digester 
and I think the mixture of fresh solids 
and activated sludge helps to prevent 
scum formation. Somehow, when you 
digest fresh solids only, I think the 
scum problem is greatly intensified. 

We draw overflow from the primary 
digesters immediately under the top 
of the fixed-cover, so we have no scum 
whatsoever in these tanks. However, 
if the method of withdrawal were 
changed it wouldn’t take long before 
there would be scum formation. 


Odor Control 


Chairman Niles:—Let us now con- 
sider the matter of odor control. John 
Hood knows the problems of the small- 
plant operator, and will be glad to 
discuss that which interesting 
regardless of plant size. 

Mr. Hood :—The odor problems have 
been so long associated, in the public 
mind, with sewage treatment that to- 
day we are facing it as our No. 1 
problem. It is a psychological prob- 
lem and that immediately leads to 
point No. 2 whieh is the terminology 
associated with the problem. 

Believe it or not I am surprised 
that we have almost 300 women regis- 
tered at this Federation meeting. It 
is a fact that many women cannot 
tell Mrs. Jones or Mrs. Smith that 
they are going to a sewage operator’s 
affair, because immediately they have 
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a revulsion and there might be serious 
social consequences. 

We would like very much to have 
the Federation take into consideration 
this very serious psychological handi- 
cap which the name ‘‘sewage’’ and 
the stigma attached to sewage treat- 
ment personnel causes, although we 
consider ourselves very respectable 
people. 

Point No. 3 has to do with the origin 
of odors. They may occur in the fol- 
lowing order: the sewer system, the 
pumping stations, the interceptors, and 
the treatment plant, with particular 
emphasis on the sludge digester. The 
second part about point No. 3 is the 
allocation of blame or responsibility 
for odors because people again have 
the almost universal tendency to put 
the blame directly on the sewage 
treatment plant. Those of us who do 
not operate the collection systems find 
that we have to reach out beyond our 
immediate boundaries and make some 
suggestions to those who do, so we can 
protect ourselves against having odor 
problems at the plant. 

Point No. 4 deals with practical and 
technical aspects of the odor problem. 
They are so associated with the prac- 
tice that we are forced to consider 
them also. 

Point No. 5 is that an ounce of 
prevention is better than a pound of 
eure. Only a fundamental approach 
will prove economically effective in the 
long run. Basically the problem of 
odors should be attacked at the be- 
ginning, in other words, at the sewer 
system and not somewhere between the 
system and the outfall. If you have 


succeeded in controlling odors and 
have established a program, see that 


it is being followed. 

Chairman Niles:—To approach the 
problem of odor control as the treat- 
ment plant operator has it, rather than 
from the speculative standpoint or the 
theoretical, what is the small-plant op- 
erator doing in the way of cleaning 
up these places where odors accumu- 
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late? I know, from experience, that 
any place where greases of animal or 
vegetable origin can accumulate and 
undergo a degradation process, is cer- 
tain to produce odors. 

From the Floor :—Mr. Hood’s refer- 
ence to the psychological effects of the 
name sewage in connection with odors 
prompts me to mention the name of 
the new sewage treatment plant at 
Rockland, Conn. The superintendent 
of the water and electric utility in 
that town decided that while the treat- 
ment plant was being built and also 
now that it has been built, that it will 
not be called a sewage treatment plant, 
but the Groton pollution abatement 
facility. The plant is close to houses 
and I think there is something in call- 
ing it a pollution abatement facility 
instead of a sewage treatment plant. 

Chairman Niles:—I think that is a 
very worthwhile suggestion. Any of 
you operators who have trouble with 
some of your local people who think 
that taking a trip to the sewage treat- 
ment plant is something that isn’t 
done, just spring this term on them 
and maybe they will come down and 
see what it is all about. 

Mr. Larson:—A rose by any other 
name will smell as sweet. 

C. C. Feely, Superintendent, Bergen, 
Field and Dumont, Dumont, N. J.:— 
It used to be that when you went into 
a sewage treatment plant everybody 
around the countryside knew it and 
when you mentioned the word ‘‘sewage 
plant,’’ everybody started hollering. 
It is still the same, even when we 
clean up the odors. 

I had one of the state health depart- 
ment men come down and we spent 
the whole day with one lady. She said 
she was getting an odor and she lived 
to the east of the treatment plant. 
The prevailing wind was from the 
west. Unfortunately for us there was 
a sewer manhole at her back property 
line and she got an odor from it. 
She kept us up all night, telephoning 
the officials at all hours. We went to 
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the houses on both sides of her, where 
there were children, and yet they 
never complained. We went over the 
entire neighborhood and no one had 
smelled any odors. However, this lady 
has complained steadily for most of 
the past three years and every week 
there would be a call that she smelled 
odors. 

There were odors in one part of 
town but that has been remedied now. 
The least little thing that happens, 
however, and right away it is the treat- 
ment plant where the odors come from. 
This has been a very difficult and 
annoying problem to correct. At pres- 
ent we are going out and informing 
the people and even asking them to 
come to the treatment plant. I think 
we are gradually getting away from 
the odor problem. 

E. J. Beatty, Engineer Manager, 
Urbana-Champaign Sanitary District, 
Urbana, Ill.:—We have a girl scout 
day camp within only 300 ft. of the 
treatment plant units, since it is lo- 
cated on the plant grounds. We en- 
courage people to come to the plant 
and we have a visitor’s book to be 
signed. As soon as the plant was con- 
structed, about 25,000 small evergreen 
trees were planted and paths and roads 
were laid out to make the grounds 
look as attractive as possible. It was 
realized that you might not get odors 
98 or 99 per cent of the time, but that 
2 per cent of the time you might get 
some and that actually a sewage treat- 
ment plant in the minds of most people 
is a nuisance. 

We have gone through the cycle of 
odor control which a treatment plant 
has to go through. We have tried 
every possible means and have had 
some success. We, of course, have 
good chlorination all the time and have 
used various chemicals. Recently, 
good success has been obtained with 
several of the newer chemicals, but I 
think the most important part of the 
whole program is to make the plant 
attractive and to get away from the 
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idea that a sewage treatment plant in- 
variably produces an odor. 

H. P. Orland, Associate Editor, 
‘*Water and Sewage Works,’’ Cham- 
paign, Ill.:—I have just one little item 
that | thought might be of interest to 
some of you. Jack Beatty has taken 
the odor problem which is a psycho- 
logical factor and he has translated it 
into a beautiful piece of public rela- 
tions. He not only has the girl scout 
camp, but he has an attractive park 
area between the main road and his 
plant property. He is capitalizing on 
the park area at the moment to educate 
the junior high school and senior high 
school boys in the community by ex- 
tending an invitation to the local Boy 
Scout council to have a camparee on 
the plant grounds. There will be 
somewhere in the neighborhood of 600 
or 700 boys camped there. I don’t 
know what he is going to do with all 
those slit trenches they are going to 
make, but he will have a lot of kids 
on that property who will know that 
the sewage treatment plant is not the 
stinker they now think it is. 

Chairman Niles:—The old saying 
that 90 per cent of the odors come 
through the eye rather than through 
the nose is absolutely true. If you can 
keep your sewage treatment plant 
looking like a park, you are going to 
have very, very few complaints, re- 
gardless of which way the wind blows, 
provided you just exercise good house- 
keeping practices. 

A. C. Bryan, Design Engineer, De- 
partment of Public Works, Houston, 
Texas:—I am all for this good house- 
keeping. I wish we were doing a 
better job of housekeeping than we 
are. I am sure we would somewhat 
reduce our odor level, but not to the 
point of eliminating odor problems. 

I’m in favor of the psychological 
approach, too, but I recognize that this 
matter of odors is a relative thing. 
To some individuals a certain odor 
is nauseating while to another indi- 
vidual that same odor can be a pleas- 
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ant thing. To me the odor of sewage 
is not unpleasant. I make my living 
with it, and I feel right at home, but 
the lady across the bayou from our 
treatment plant doesn’t feel the same 
way. I don’t see how all the roses that 
I spent $300 to plant two years ago 
and that have now come into full bloom 
could have any effect. All the beauty 
that I put around that plant would 
not eliminate that lady as a complain- 
ant and she is a pretty aggressive 
individual. 

This matter of atmospheric pollu- 
tion abatement becomes more and more 
of a problem throughout the nation. 
Sewage treatment plants are in the 
frontier of the problem, which has been 
brought into focus by industry. I 
think that people now are expecting 
science to do just anything that they 
decide they want. We may be faced 
with some tremendous expenditures in 
this air pollution field for no other 
reason than the abatement of sewage 
odors and other odorous compounds in 
the atmosphere that are present in 
minute quantities. If we have to go 
up sewer and reduce odors to zero 
(and that is almost what must be 
done) to satisfy that lady who was 
snarling mad whether the rest of the 
neighborhood smelled it or not, we 
are faced with the expenditures of 
vast sums of money. 

[ think the matter of just how we 
are to approach this problem from a 
scientific basis will need more atten- 
tion than we are giving it. That may 
be a local observation by virtue of the 
fact that in recent years an air pol- 
lution control authority has been set 
up in my county and some of you 
know the force they have. We never 
had any complaints of odors until a 
telephone number for the specifie pur- 
pose of receiving odor complaints was 
published, and then the roof fell in. 
It will cost a lot of money to get 
props under it. 

We haven’t gone up sewer yet be- 
cause of the cost involved, but we are 
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going to have to study the problem 
pretty seriously. We are trying to 
work in collaboration with the air pol- 
lution control authority, and we are 
trying to give some relief with odor 
masking or counteraction. Where the 
greases accumulate and you do not 
have an immediate and instantaneous 
method of removal you will have an 
odor problem. 

I am using an odor counteractant 
now at one of the treatment plants. 
At another of the plants I just mask 
over with some creosote. However, 
that is not the answer because these 
ingredients are very expensive. I hope 
that the Federation, in their research 
program, will think seriously of this 
odor-control matter. 

Van P. Enloe, Superintendent, Clay- 
ton Sewage Treatment Plant, Atlanta, 
Ga.:—I realize odor is a very serious 
problem and the extent of its serious- 
ness is probably related to the value 
of the properties surrounding the 
treatment plant. I am unfortunately 
in a residential area where property 
values are pretty high and I have a 
lot of trouble. I would be afraid to 
publish a telephone number. 

Mr. Miller :—We are treating sewage 
from 100 pumping stations that has 
had 14 to 16 hr. of detention time be- 
fore it is received at one of the three 
treatment plants. We have tried al- 
most everything we know of in the 
last six years including psychological 
warfare. In one case we invited some 
of the leading citizens in the area to 
a successful buffet supper at one of 
the treatment plants. 

More realistically, we have tried 
chlorination. We now chlorinate at 
some 18 points up line, using up to 
400 to 500 lb. of chlorine per day. 
Up-line treatment with us was not an 
optional thing, it was absolutely es- 
sential. I have been on the telephone 
all day and until 6 and 8 o’clock at 
night talking to irate citizens so much 
that I am getting a little tired of it. 
Our sewage temperatures run from 
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86° F. to 90° F. We also have tried 
the masking chemicals and have not 
found them too successful. Chlorina- 
tion will do the job. There is no ques- 
tion about it in our opinion. Up-line 
treatment basically is rather hazardous 
in that we must use ton containers of 
chlorine gas and these are scattered 
throughout the community Any gas 
leak would lead to a situation that 
makes you worry greatly. 

More recently we have tried using 
chlorinated benzine. We obtain pretty 
satisfactory results if we get the dose 
up in the range of 4 to 5 p.p.m. At 
less than this amount we get little or 
no results. There is apparently a criti- 
eal point above which you will get good 
results. 

Another thing we have tried is the 
use of air. We are in extremely flat 
country with an average elevation only 
3 or 4 ft. above sea level. The use of 
air is completely successful if there 
are no dips or rises in the sewer line. 
We tried it in a line about three miles 
long from which we were getting a 
horrible effluent. Eight pounds ini- 
tial pressure against the blower in- 
creased in a period of 24 hr. to 22 Ib., 
or beyond the range of the pumps, due 
to the fact that the air had pocketed in 
high points air locking the line. 

I agree that the question of odor 
control is a matter on which we must 
have some research and Federation 
attention. 

We think we have done about all 
that anybody can suggest we do to 
control the odor problem. Unfortu- 
nately, it is not only the problem of 
odor itself, which is obviously serious, 
but it is one of damage to the sewers. 
We have a system now only about 
eight years old and I would say that 
25 to 35 years of its normal life have 
been used. Sewer cave-ins have oc- 
eurred and will continue to oceur un- 
less a remedy can be found. We are 
spending perhaps $30,000 a year on 
the up-line phases of control of this 
problem. We do not have it solved, 
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but we have whipped it at some points. 
However, it is extremely difficult to 
control at other points and certainly 
needs an answer. 

Chairman Niles:—Apparently we 
are not so far removed from this air 
pollution matter as we thought we 
were. At one time the Federation 
Board of Control threw up its hands 
and said, let us not get mixed up in 
air pollution, since we are only inter- 
ested in the treatment of sewage, either 
the water or solids that are in it. 
Whether we like it or not it looks like 
maybe we are going to be involved 
in air pollution, at least odor pollu- 
tion; so maybe the officers of the Fed- 
eration had better take another look 
at this problem. 

W. E. Ross, Superintendent, Rich- 
mond (Ind.) Sanitary District :—You 
think you fellows have a little odor 
problem. If any of you have gone 
out in the back yard and lifted the lid 
off your garbage can, you no doubt 
had your olfactory membranes slightly 


offended, but when you concentrate 20 
tons of garbage per day in one place, 
you find that the odor gets a little 


bit obnoxious. As far as _ odors 
around the treatment plant are con- 
cerned we had them pretty well 
knocked out. However, three years 
ago we started garbage grinding and 
with that came the attendant odors 
that follow garbage-collection trucks 
and also the problem of maggots. 

We have always encouraged the 
taxpayers of the community to come 
down and find out where their money 
went. We tell them that in sewage 
treatment they get more benefits for 
the price of two packages of cigarettes 
than they can in any other form of 
business that we know of. They are 
very pleased to find that out. 

We find that we can get along pretty 
well with our neighbors, about 90 per 
cent of whom are occupying a stone 
orchard better known as a cemetery 
and they don’t object too much to 
what we do. But the people on the 
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other side are becoming a little more 
conscious of the garbage grinding and 
they are quite concerned over what 
we are trying to do. I think all of 
us will have to consider this matter 
of odor nuisance. 

I have been interested in the hori- 
zontal and vertical employment situ- 
ation because we have 72 employees 
in the sanitary district, 13 are at the 
treatment plant and 6 on sewer main- 
tenance. We find a lot of the odor 
complaints along the sewer system 
have been caused by the fact that for 
the last 50 years everybody has taken 
for granted that a sewer once built 
will always maintain its original ca- 
pacity and will keep right on ecarry- 
ing things away without any atten- 
tion. Now when a complaint relative 
to odors is received we go out immedi- 
ately and check the sewers to find out 
whether or not there is a stoppage in 
the line. In most cases we find that 
we do have either a minor or a major 
sewer stoppage. When these lines are 
cleaned out we get rid of a lot of 
trouble. 

It is always encouraging to come to 
these meetings and learn how many 
problems other people have, because 
you go home and feel very happy. I 
am very much interested in how we 
can solve these odor problems which 
are becoming increasingly important. 

Mr. Hoot:—Il think that what we 
have been talking about so far has 
been a matter of focusing attention on 
normal odors that are around the treat- 
ment plants. I think one other thing 
that we ought to give more attention 
to is the matter of preventable odors 
that can oceur when plants are first 
started. 

For instance, one summer I visited 
a large sewage treatment plant where 
I was told that in the early stages of 
operation, before the digesters were 
functioning properly the operator of 
the plant was virtually ordered to 
handle the entire sewage flow in the 
works before he had any feasible place 
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to put the sludge. The result was a 
terrible putrefactive odor from the di- 
gester which became sour and the sur- 
rounding neighborhood was up in 
arms. 

It is interesting to me to note that 
the condition in the digester got so 
bad, with so much foaming, that it 
actually spilled over onto the ground 
and they had to dig trenches to keep 
the sludge and foam from spreading. 

At another treatment plant I heard 
almost the same story. Apparently 
the initial operations of these plants 
were dictated by city officials rather 
than by the man in charge of the 
plant. This particular plant was 
started just when the heavy canning 
season got under way. Once again, 
over the operator’s objections, he 
had to take the entire sewage load. 
As a result, there was a great amount 
of sludge put into digesters that was 
not producing methane. The odor 
problem was quite acute since the 
treatment plant was located in a rather 
preferred residential district. 

One of the things that always 
amazed me in both water and sewage 
works was that just as soon as a fa- 
cility is anywhere near completed 
there is considerable pressure to get 
the plant into operation. It seems 
to me that in one of the laws we 
now have in Pennsylvania, we have 
a foundation for this urgency to 
vet things in operation sometimes be- 
fore they should be. As you prob- 
ably know, if a sewage treatment plant 
is in operation on January 1, the state 
will reimburse the community 2 per 
cent of the capital investment of the 
plant. <A potential hazard exists be- 
cause it means in many cases trying 
to get the treatment plant in opera- 
tion before the digesters are able to 
receive sludge and, in the early stages, 
an odor condition is created which will 
leave a bad impression on the people 
of the community. 

From the Floor:—If the treatment 
plant has to be in operation the first 
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of the year, the middle of the winter 
is not the time to start a new plant. 

Chairman Niles:—Regardless of op- 
eration, getting paid by the state for 
the operation of a treatment plant is 
quite an item. 

C. H. Young, Division Engineer, 
State Department of Health, Harris- 
burg, Pa.:—Pennsylvania, under 1953 
legislation, is helping municipalities 
defray the costs of operating sewage 
treatment plants required by the State 
for the control of water pollution. 
Payments are to be made annually and 
are based on costs of construction of 
sewage treatment works, main inter- 
cepting sewers and main pump stations 
in an amount not to exceed 2 per cent 
of these costs. The legislature ap- 
propriated $2,000,000, and approxi- 
mately $1,000,000 was paid out the 
first year of operation of this Act. 
The law requires that the treatment 
works be completed and placed in op- 
eration by December 31 of the year 
preceding the year in which the pay- 
ment is made. Consequently, for a 
municipality to receive a payment, the 
treatment works and appurtenances 
must be completed and placed in op- 
eration by December 31. As Mr. Hoot 
has indicated, a number of our mu- 
nicipalities have rushed the completion 
of the plants so as to qualify for the 
2 per cent payment, and in some cases 
the equipment has not been properly 
tested nor have the operating person- 
nel been fully selected. This has re- 
sulted in some operating difficulties 
which, in the future, we will endeavor 
to control. 

Annual payments are to be made to 
municipalities which have acquired 
and/or constructed sewage treatment 
works since September 1, 1937, and 
this has presented problems in secur- 
ing adequate and proper documenta- 
tion of costs. 

Chairman Niles:—Let us return to 
the original subject of the organization 
of the larger treatment plants. 
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Mr. Enloe:—I had never thought of 
operation as being in any way either 
vertical or horizontal. As a matter 
of fact, it seems to me sometimes a lot 
of our operation comes up from the 
grass roots. The fellows down below 
tell us what we ought to be doing. 

We have three shifts in each of the 
five sewage treatment plants serving 
Atlanta and we find that we get better 
control of the operation by rotating 
the shifts so that the operators will 
come back on the day shift under the 
supervision of the superintendent of 
the plant, and the assistant superin- 
tendent and the chemist, at least once 
every year. Then when he goes on 
the evening or the midnight shift he 
will have had additional training and 
be able to keep up with the new ideas 
that are introduced from time to time. 

We do, of course, have laboratory 
control of the treatment plants. There 
is one main laboratory which handles 
the composite samples taken at each of 
the other plants. A truck collects the 


samples and brings them into the lab- 
oratory every day, except Saturday 


and Sunday. We find the sewage flow 
and the load on the treatment plants 
drop at least one-third on Saturday 
and Sunday. 

Mr. Larson:—What I have to say 
does not refer to the subject matter 
of today’s discussion at all. I would 
like, however, to make a suggestion for 
a subject which we might take up in 
this Forum at some future meeting. 

Out in Illinois we are getting into 
a hassle about storm water overflows. 
This is not strictly operation but it 
has us sort of trembling in our boots. 


SEWAGE AND INDUSTRIAL WASTES 


April, 1956 


For the last 25 or 30 years, those of 
us who live in cities which have com- 
bined sewers have not worried too 
much about storm water overflows. It 
is something we inherited and we have 
to live with it. Recently, however, a 
very damaging decision was handed 
down by one of the appellate court 
judges. He apparently knew very 
little about sewage but still felt quali- 
fied to render a decision in which he 
stated that the governing body (in our 
case, the sanitary district) was respon- 
sible, not only for sewage treatment, 
but also for all drainage in the area. 
This is a thing that could have tre- 
mendous reverberations, especially in 
the case of fringe areas. 

At present, our storm water over- 
flows are located in relatively unim- 
portant areas. But as they start build- 
ing new real estate developments far- 
ther out, these overflow sewers become 
a vital part of the development. All 
right, we extend the overflow. A few 
years later they start building around 
the mouth of that overflow and pretty 
soon we are extending our overflows 
to the Mississippi River. If we are 
ordered to take not only normal sewage 
flows, but also storm flows through the 
treatment plants, we will be faced with 
some tremendous expenditures. 

Chairman Niles:—That looks as if 
it has some ominous possibilities. I 
think that if all of us had to plan on 
ultimate treatment of our storm flows, 
we might do more than tremble in our 
boots. I hope there will be some other 
judges somewhere along the line who 
have a little more realistic approach. 


HATFIELD AWARDS 


Remember the new rules for the Hatfield Awards (Tus Jour- 


NAL, 28, 1, 118; Jan., 1956). 
Secretary for details. 


Cheek with your Member Association 
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Operator Certification and Schooling 


Short courses for sewage treatment 
plant personnel are an established fact, 
while operator certification programs 
are either nonexistent or voluntary. 
These were the results revealed by a 
survey recently conducted among the 
various state health departments by 
the Florida Water and Sewage Works 
Operators Association. 

Eleven of the states replying re- 
ported no certification program of any 
kind. Only three compulsory programs 
were reported, indicating that volun- 
tary programs are the first step in pro- 
fessional recognition. 

Short courses are presented on 
either a one-time state-wide basis or 
held in various regions throughout a 
state. Only two states reported hold- 
ing both types of courses. 

Results of the survey may be tabu- 
lated as follows: 


Certification 
Voluntary Compulsory 
14 
Proposed None 
3 11 
Short Courses 
State Regional 
11 14 
State and None 
Regional 
2 2 


Repairing Broken Concrete 
Bonding Compound 


Broken or eracked concrete floors, 
walkways or driveways are reported to 
be successfully patched when a bond- 
ing compound is used first to coat the 
old surface. Tropical Paint Co., 
Cleveland 2, Ohio, claims satisfactory 
results for ‘‘Tropical Cement Bond.’’ 
This product is a liquid brushed on the 


TIPS AND QUIPS 


TIPS AND QUIPS 


old concrete surface to bond the new 
patch to it. The area to be patched 
must be prepared in the usual man- 
ner. 


Resurfacing and Patching Compounds 


Repairing rutted, rough or broken 
floors, spalled walls, leaky walls or 
roofs, or other concrete maintenance 
jobs can be quickly and effectively 
done in first class condition, accord- 
ing to the claims of the Stonhard Co., 
1306 Spring Garden St., Philadelphia 
23, Pa. Products are available for 
these various maintenance projects to- 
gether with a staff of trained engineers 
to aid in the practical phases of the 
repair work. Stonhard products are 
also available for use on new construc- 
tion. An interesting booklet entitled 
“Over the Rough Spots’’ is available 
from the Stonhard Co., and outlines 
features and applications of the vari- 
ous products available. 


Sludge Ash Analysis 


The quantitative spectrographic 
analysis of ash from digested sludge 
produced at the Tacoma, Wash. sew- 
age treatment plant shows the normal 
and trace elements of a typical sludge 
from this area. 


Element Per cent 
Silicon, SiOz 68 
Phosphorous, P:O, 2 
Magnesium, MgO 2.3 
Aluminum, Al,O; 15.6 
Iron, 1.8 
Calcium, CaO 48 
Sodium, Na,O 3 
Potassium, K,O 2.5 


Traces of other elements—boron, lead, 
copper, silver, nickel, cobalt, manga- 
nese, strontium, chromium and zine, 
averaged .007 per cent. The estimated 
accuracy of a quantitative spectro- 
graphic analysis is approximately 20 
per cent. 


£ 
; 


Reviews and Abstracts* 


Pollution Abatement Program at New- 
port, R. I. By E. R. Coss anp D. F. 
Cosurn. Jour. Boston Soe. C. E., 42, 3, 
217 (July, 1955). 

The authors describe the development of 
a comprehensive sewer system and sewage 
treatment works to remove pollution from 
the Narragansett Bay waters which are 
used for fishing, bathing and recreation as 
well as for naval operations. 

The original sewer system was designed 
in 1880-1885, primarily to carry domestic 
sewage, with a small allowance for storm 
water (equivalent to 14 in. over the drain- 
age area in 24 hr.). Numerous storm over- 
flows were provided. 

Metealf and Eddy, consulting engineers, 
Rhode Island State Department of Health 
and the U. 8. Navy have intermittently in- 
vestigated the problem. As a result of the 
various studies, the state prohibited gather- 
ing of shellfish in certain polluted waters 
and also elassed bathing as hazardous. 

In 1948, the city of Newport and the 
U. S. Navy recommended the elimination 
of objectionable pollution with certain basic 
procedures: (a) collection of all sewage 
into the main sewer system; (b) prevention 
of sewage overflow from the Washington 
Square outlet except during storm flows; 
(ec) elimination of the Goat Island outfall; 
and (d) the collection of all Navy sewage 
in a central sewer system, with treatment 
before discharge to the receiving waters. 

This report reiterated previous recom- 
mendations (1928) and brought them up 
to date. 

The project is now under way and is 
deseribed in detail, with maps and plans of 
structures and design data. Primary treat- 
ment to remove seattleable solids is pro- 
vided, followed by chlorination. A single 
plant serves both the Navy and the city. 
The sludge is to be handled in separate 
heated digestion tanks, elutriated and de- 
watered on a coil-spring vacuum filter. 
LANGDON PEARSE 


Microbiology in Petroleum Industry. By 
Joun B. Davis anp Davin M. UppEGRAFF. 
Bact. Reviews, 18, 4, 215 (1954). 

A comprehensive review of the micro- 
biology in the petroleum industry with 107 
references. Topics of special interest in- 
clude bacterial corrosion of iron and steel, 
microbial decomposition of organie drilling 
fluid additives, deterioration of petroleum 
products, bacterial desulfurization and de- 
nitrogenization of erude oil and petroleum 
products. H. 


Treatment of Auckland Meat Wastes, 
Auckland, New Zealand. By R. Hicks. 
Metropolitan Drainage Board (1954). 
This is a report on the treatment of pack- 

inghouse wastes without admixture of mu- 

nicipal sewage or with only small volumes. 

A high degree of treatment is not expected. 
Adequate grease removal and screening 

is required at the source. When the tem- 

perature of the raw wastes is expected to 

be from 75° to 85° F. the anaerobie di- 

gestion process is considered advantageous, 

but is reasonably regarded as a pre-treat- 
ment process to reduce the high strength 
of the wastes. The effluent of such process 
can be rendered fully stable by a short 

term activated sludge treatment or by a 

single stage of low-rate filtration. 

Where further treatment is required, 
single-stage filtration, short period activated 
sludge or lagooning are suggested. 

Under conditions oceurring in Manzere 
Inlet, Manukau Harbor, effluents from this 
process can be discharged without nui- 
sanee or serious contamination of bathing 
beaches. Where adverse conditions occur, 
secondary processes as applied to munici- 
pal sewage will produce stable effluents, 
with at least one stage of high-rate filtra- 
tion following primary sedimentation. 

Where activated sludge treatment is in- 
stalled following high-rate filtration, pro- 
vision should be made for by-passing nor- 
mal sludge return to avoid sludge bulking. 
LANGDON PEARSE 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 
might be suitable for abstracting in THIS JOURNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 
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Address such material: Federation of Sewage and Industrial Wastes Assns., 
4435 Wisconsin Ave., N.W., Washington 16, D. C. 
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Circular Collectors 


Types for every waste treatment problem 


@ OFSIGNED For 
EFFICIENT LONG- 
TERM OPERATION 


@ ENGINEERED FoR 
USE IN CIRCULAR 
OR SQUARE TANKS 


@ SELECTION oF 
DRIVES TO MEET 
YOUR SPECIFICATIONS 


@ rnick- 
ENERS FOR FLUE 
DUST CLARIFICATION 

TRACTOR DRIVE COLLECTOR 


This pier-supported collector is de- 
signed for circular tanks. The rotating 
bridge acts as the lever arm rotating a 
sturdy center cage which carries the col- 
lector arms. Rotational force is provided 


by a two-wheeled, rubber tired tractor 
unit running on the rim (or effluent weir 
wall of the tank). Drive unit is simple, 
easily accessible, and not affected by 
snow or ice. 


PIER DRIVE COLLECTOR 


The Pier Drive Collector is recom- 
mended where it is undesirable to 
operate a Tractor Drive... where the 
access bridge must be stationary, or the 
corners of square tanks must be scraped. 
Center drive mechanisms, ranging from 
1/2 to 10 horsepower, are built for long 
life and heavy duty service. Worms are 


SUSPENDED COLLECTORS are used 
where a simple bridge can span the tank 


diameter. In this case, the complete 
motor and drive assembly, together with 
the drive tube and collector arms, are 
suspended from the bridge. 


WRITE FOR BULLETIN 9W65 
CLARIFLOW THICKENER 


This unit utilizes the principles of fluid 
mechanics, so highly developed in 
Walker sedimentation units. It removes 
all settleable solids and remarkably clar- 
ifies the flow. All parts are sturdily 
built ...designed for the “tough” jobs. 


WRITE FOR BULLETIN 10169 


WALKER PROCESS 


carburized and ground steel and pre- 
cision meshed with hardened bronze 
worm wheels. The balls run in hard- 
ened, ground, renewable ball races. 


WALKER PROCESS EQUIPMENT INC. 
Factory — Engineering Offices sad Laboratories 


Aurore, 


155a 
qh 
4 at 
: 
Song 


156a 


SEWAGE AND INDUSTRIAL WASTES 


Proceedings of Member Associations 


NEBRASKA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 4th Annual Meeting of the Ne- 
braska Sewage and Industrial Wastes 
Association was held at the Hotel 
Yancey, Grand Island, Nebr., on No- 
vember 3-4, 1955. An interesting pro- 
gram was presented which featured 
papers on equipment and various 
treatment plant problems, including 
public relations. 

Officers were elected as follows: 


President: W. F. Rapp, Jr., Crete. 

Vice-President: V. H. Black, Omaha. 

Secretary-Treasurer: V. J. Lechten- 
berg, Omaha, 


V. J. LECHTENBERG, 
Secretary-Treasurer 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 28th Annual Meeting of the 
New York Sewage and Industrial 
Wastes Association was held at the 
Belmont Plaza Hotel, New York, N. Y.., 
January 19-20, 1956. A total of 270 
members and guests registered for the 
meeting. 

The first morning’s technical session 
led off with the showing of the Cast 
[ron Pipe Research Association’s 
film entitled, ‘‘Water—Wealth or 
Worry?’’ After this the following 
papers were presented : 


‘“Waste Treatment at the Channel 
Master Corporation, Ellenville, N. Y.’’ 


(Continued on page 157a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 


if | 

| 

Ke 

‘ 

: Ae 

7 

4 

\ 

{a 


by E. J. Quinlan, Chief Engineer, 
Channel Master Corp., and Dr. Louis 
Weisberg, Consulting Chemical Engi- 
neer of New York City, N. Y. 


‘Kinetic Studies on the Oxidation 
of Biological Sludges,’’ by W. W. 
Eckenfelder, Jr., Assistant Professor, 
Manhattan College, New York City, 
N. Y. 

The noon luncheon was attended by 
165 members and guests. Federation 
President, George W. Martin, and Ex- 
ecutive Secretary, Ralph E. Fuhrman, 
were present. President Martin 
spoke on some of the activities of the 
Federation and presented the Bedell 
Award to R. C. Sweeny. The guest 
speaker for the luncheon was Mr. 
W. O. Hall of the United States Mis- 
sion to the United Nations whose topic 
was, ‘‘You and the United Nations.’’ 

Mr. H. A. Faber, on behalf of the 
Association, presented the following 
Memorial Awards: 


The Kenneth Allen Award to Wil- 
liam E. Dobbins for his paper, ‘‘Re- 
moval of Radioactivity from Laundry 
Wastes by Trickling Filters.’’ 

The Lewis Van Carpenter Award to 
D. M. Ditmars and J. R. Scovil for 
their paper, ‘‘The Treatment of Sani- 
tary Sewage and Industrial Waste in 
Pearl River.’’ 

The Charles Agar Award to Dr. 
A. J. Fischer for his paper, ‘‘ Increased 
Income from Inventions.’’ 

Other papers presented at the tech- 
nical sessions included: 


‘‘Treatment of Milk Wastes at Ar- 
cade, N. Y.,’’ by S. I. Zack of Gannett, 
Fleming, Corddry and Carpenter, Inc., 
Harrisburg, Pa. 

**Radioactive Detergent-Type Alkyl- 
benzenesulfonate in Activated Sewage 
Treatment,’’ by Ralph House and 
B. A. Fries of the California Research 
Corp., Richmond, Calif. 

“The New East Greenbush Sewer 
District,’’ by R. O. Schindler, As- 


(Continued on page 159a) 
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Since 1885 


Patented 


Discharge Louver 
of the GRUENDLER 


Sewage Shredder 
Does It... 


Q. What is the Discharge Louver? 


A. The patented Louver is an in- 
genious Shredder-Grate Bar 
installed in the Discharge of 
the unit. 


Q. What will it accomplish? 


A. Enable the Shredder to disin- 
tegrate larger quantities of rag 
stock with ease along normal 
run of sewage. 


View of Twin 
Over 245 Units Installed in U.S.A, 
(list of installations in 


vicinity, on reques 


NOW Sewage Wastes, of 10% rag 
stock content, can be thoroughly 
disintegrated for even sewage ask 

No Clogging . . . Less power . .No 


costly maintenance. 
WRITE FOR BULLETIN SG-io 


Mfgrs. of Dry Sludge Shredders, 
Refuse & Compost Grinders 


GRUENDLER 


CRUSHER & PULVERIZER CO. 


2915 N. Market Dept. SIW4 St. Louis 6, Mo. 
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Equipment and Supply Lines 


Floatless Water Level Control—A 
floatless type liquid level control unit 
utilizes a sealed control box and low 
voltage signals. Sensing probe actu- 
ates relay when liquid level drops be- 
low probe tip.—Techniflex Corp., Port 
Jervis, N. Y. 

Two-stage Pumps—Bulletin No. 
C-—1054 describes features of compact 
two-stage pumps for high head appli- 
cations.—C. H. Wheeler Manufactur- 
ing Co., Economy Pumps Division, 
19th and Lehigh, Philadelphia 32, Pa. 

Control System—Bulletin 240—-M6 
describes ‘‘plug-in’’ units for expan- 
sion of a central dispatching station 
controlling remotely located pumps, 
valves, gates and generators.—Build- 
ers-Providence, Inc., 345 Harris Ave., 
Providence, R. I. 

Pipeline Ditcher—A heavy duty 
pipeline and utility ditcher with trac- 
tor-type crawlers has been designed 
especially for utility work. The ditcher 
utilizes a hydraulic drive on the soil 
discharge conveyor, and _ simplified 
controls—Gar Wood Industries, Ine., 
Wayne, Mich. 

Air Classifier—The continuous sepa- 
ration of coarse and fine particles in 
an airborne mixture from a grinding 
mill is deseribed in Bulletin AH-467. 
—Hardinge Co., Ine., 240 Arch St., 
York, Pa. 

Laboratory Apparatus—Issue No. 2 
of the Daigger Apparatus Digest de- 
picts a wide variety of apparatus and 
laboratory materials, including timing 
devices, refrigerating equipment and 
stirrers.—A. Daigger & Co., Kinzie at 
Well St., Chicago 10, Tl. 

Metal Grating—A 16-page Data and 
Specification Manual covers all types 
of steel grating, floor armor, stair 
treads, vessel liners, decking and drain 
grates—Klemp Metal Grating Corp.., 
6605 S. Melvina Ave., Chieago 38, III. 

Circular Collectors—lIllustrated Bul- 
letin 9W65 presents a complete picture 
of Walker circular collectors, includ- 


diffused air 


ing tractor drive units and _ pier 


bridge supported mechanisms.— 


Walker Process Equipment Inc., P. O. 
3ox 266, Aurora, 


Aeration Equipment—Details on 
aeration equipment are 
given in Bulletin 22S61. Equipment 
applications include activated sludge 
aeration, aerobie digestion, pre-aera- 
tion and  others—Walker Process 
Equipment Ine., P. O. Box 266, Aurora, 
Il. 

Filter Felt—A chemical-resistant 
synthetic filter felt made of Dynel has 
principal applications in pressure fil- 
ters and centrifuges.—Filtration Engi- 
neers, Inc., 155 Oraton St., Newark 
4,N. J. 


Adjustable-Speed Drive—Bulletin 
GEA-6234 details an adjustable-speed 
drive for electric motors. Printed con- 
trol circuits are featured.—General 
Electric Co., Schenectady 5, N. Y. 


Vertical Pump Motors—Hollow- 
shaft, high-thrust type vertical electric 
motors (71% to 500 h.p.) are illustrated 
in the 12-page Bulletin GEA-6280.— 
General Electrie Co., Schenectady 5, 

Cast Iron Gates—A horizontal flood 
type valve and cast iron sluice gates 
are described in new releases.—Snow 
Gates & Valves, 2437 E. 24th St., 
Los Angeles, Calif. 

Centrifugal Separator — Catalog 
112-344 describes numerous applica- 
tions of centrifugal separators for sol- 
ids separation and classification of 
various industrial materials. 
Used to sereen objectionable waste ma- 
terial out of waste effluents and for 
processing sewage sludge.—Southwest- 
ern Engineering Co., 4800 S. Sante 
Fe, Los Angeles 58, Calif. 


waste 


Instrumentation—Bulletin 1-15 pre- 
sents a 16-page illustrated coverage of 
water and waste treatment instrumen- 


tation products and _ installations. 
Foxboro Co., Foxboro, Mass. 
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sistant Sanitary Engineer, New York 
State Health Department. 

‘‘The Design and Construction of a 
Large Intereepting Sewer,’’ by L. G. 
Rice, Consulting Engineer, and E. J. 
Auffant, Westchester County Depart- 
ment of Public Works, White Plains, 
N. Y. 

‘‘Methods of Correeting Storm Wa- 
ter Infiltration in the Sanitary Sewers 
of Tonawanda,’’ by A. G. Martin ‘and 
Channell Samson, Town of Tonawanda, 
and N. L. Nussbaumer, Consulting En- 
gineer, Buffalo, N. Y. 

The morning session of the second 
day was given over to an excellently 
prepared and presented panel discus- 
sion led by Program Chairman, K. §. 
Watson. 
lated a conference between representa- 
tives of regulatory agencies and indus- 
try regarding the proposed construction 
of a chemical manufacturing plant 
which would produce sanitary and 
chemical wastes. 

Appearing as plant management was 


C. Coakley of the National Aniline | 
Allied Chemical and Dye | 


Division, 
Corp. W. H. Larkin of the New York 
State Health Department appeared as 
the representative of the regulatory 
agency. Others on the panel were: 
W. M. Steinfeldt of Eastman Kodak 
(representing industry’s waste special- 
ist’s group), John J. Baffa, Consulting 
Engineer of New York City, N. Y. (as 
the consulting engineer), Herman Lau- 
man, Contractor, New York City, N. Y. 
(as the contractor), and T. J. Kenny, 
Lederle Laboratory Division, American 
Cyanamid Co, (as the plant operator). 

The following officers were elected: 


President: J. M. Brown, Jr., Pearl 
River. 

Vice-President: Ralph Thomas, Port 
Washington. 

Treasurer: J. C. Brigham, Albany. 

Executive Secretary: R. C. Sweeney, 
White Plains. 


R. C. SWEENEY, 
Executive Secretary 
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Chlorine Gas Control Equipment 
Visible Flow Indication 
Vacuum Solution Feed 


for: 

Water Works 
Sewage Treatment 
Industrial Plants 
Swimming Pools 

*ee 


Anyone can install 


Easy to operate 
Low Maintenance 
Costs 


EVERSON MFG. CORP. 
207 W. Huron St. Chicago 10, Ill. 


POSITIONS 
AVAILABLE 


SUPERINTENDENT $5500- 
$7000; CHEMIST $4500-$5500 ; 
MAINTENANCE SUPERVI- 
SOR (for mechanical and electri- 
eal equipment) $4500—-$6000 and 
OPERATORS $3900-$4800. 


for new 18 MGD high-rate trick- 
ling filter sewage treatment 
plant to be placed in operation 
July 1, 1956. Positions available 
June 15,1956. Vacation and sick 
leave benefits. Send resume of 
experience and minimum accept- 
able starting salary to City of 
Alexandria, Virginia, Sanitation 
Authority, 113 North St. Asaph 
Street, Alexandria, Virginia. 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 165a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Ase Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
Laboratory for Chemical & Bacteriological Analyses 
Complete Service on Design and Supervision of Construction 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PENNSYLVANIA 


ALVORD, BURDICK & HOWSON 
Engineers 
Louis R. Howson 


Charles B. Burdick 


Donald H. Maxwell 
Water Purification, 


Water Works, 
Flood Relief, 
Disposal, 


Drainage, 


Sewerage, Sewage 
Appraisals, 
Power Generation 
Chicago 


Civic Opera Building 


age, Highways and Bridges 
Concord, N. H. Boston 14 


ANDERSQYN-NICHOLS 
ompang 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 


Baltimore, Md. 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


New York 6, N. Y. 


73 West Street 


Municipal Engineers 
Systems 


Branch Offices: 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Airport Design 
Water Works Design and Operation 
and Maps—City Planning—Highway Design—Construc- 
tion Surveys—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Jackson, Miss. Harrisburg, Pa. 


Sewage Disposal 
Surveys 


BAXTER AND WOODMAN 


Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


P. O. Box 67 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


Crystal Lake, Illinols 


Analysis 
Investigations 


Gillingham & Worth Sts. 


W.H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Design 
Operation 


Philadelphia 24, Pa. 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 


Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 


4706 Broadway 


Kansas City 2, Mo. 


BOGERT AND 


CLINTON L. BoGERT 
Ivan L. BoGert 
Rospert A. LINCOLN 


Water & Sewage Works 
Drainage 
Highways and Bridges 


145 East 32nd Street, 


CHILDS 


Consulting Engineers 


Frep CHILDS 

DoNALD M. DITMARS 
CHARLES A. MANGANARO 
WILLIAM MARTIN 


Refuse Disposal 
Flood Control 
Airfields 


New York 16, N. Y¥. 


ONLY $60 PER YEAR 


is the cost of a professional 


in this space. 
tify your 


listing 


A card here will iden- 
firm with the 


specialized 


sewage and industrial wastes field and 
will afford maximum prestige! 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewage and Water Works—Industrial 
Wastes—Refuse Disposal—Municipal 
Projects—Industrial Buildings—Reports—- 
Plans—Specifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


New York 6, N. Y. 


75 West Street 


ONLY $60 PER YEAR 


is the cost of a professional listing 


in this space. 


A card here will iden- 


tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street 


New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


Columbus 12, Ohio 


2015 W. Fifth Ave. 


BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, 


MO. 


P.O. Box 7088 
Phone: DElmar 3-4375 


CAMP, DRESSER and McKEE. 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. 


Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys 
Planning 
Bridges 


Roads and Streets 


Airports 
Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration-Gas Systems 

Valuations-Rates-Management 

Laboratory-—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


Municipal 


Industrial 
Commercial 


220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. 


Chicago 11, Ill, 


CONSULTING BIOLOGISTS 
Charles B. Wurtz 


Thomas Dolan 


Freshwater and Marine Pollution Surveys 
Biological Surveys of Sewage and 
Industrial Wastes 


Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 


Bioassays 


Investigations and Reports 
706 Commercial Trust Bidg. 


Philadelphia 2, Pa. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Cito Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 


ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 


Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive 
505 Colorado Bldg. 


Chicago 6 
Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
W. Horne 
Bion A. BowMAN WILLIAM L. HYLaNnp 
CARROLL A. FARWELL FRANK L. LINCOLN 
Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 

Port and Terminal Works—Industrial Bldgs. 

BOSTON NEW YORK 


JoHN AYER 


FINKBEINER, PETTIS & STROUT 


Carteton 8. Fivxsetner E. Pettis 
K. Strout 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 
FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 
Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High 
ways and  Structures—Dams—Drainage 
Works—Airports— Investigations—Valua 
tion——Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


EDWARD A. FULTON 


Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Paving 
and Power Developments; Jams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking— Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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Water 


Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


607 Washington St. 
PA. 


New York 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 


Supply and Purification 


READIN Washington 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 


Industrial Wastes D 


Design, Construction and Supervision 


of Operation 


1001 N. Front Street 


isposal 


Harrisburg, Pa. 


Samuel A. Greeley 
Paul E. 
iles 


Thomas M. 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewe 


220 8 


GREELEY & HANSEN 


. State Street, Chicago 4 


Engineers 
Pau! Hansen (1920-1944) 
Kenneth V. Hill 
Samuel M. Clarke 


rage, Sewage Treatment 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 
1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. S. Palocsay E. 8S. Ordway 


F. 


Water, SEWERAGE, GARBAGE, INDUSTRIAL 


WASTES, 
Leader Bid 


Cleveland 14, O. 


Cc. Tolles, Consultant 
Consulting Engineers 


VALUATIONS——LABORATORIES 
Woolworth Bidg. 
New York 7, N. ¥. 


Rucnarp Hazen 


HAZEN AND SAWYER 


ENGINEERS 


Sewage Works and Waste 


Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street 


New 


Aurrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 


York 17, N. ¥. 


HENNI 


Water Works, Light and Power, Sewers, Sewa, 
Treatment, Reports, Flood Control, Apprai 


& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 


Standard Ol! Bidg. 


NGSON, DURHAM 


Drainage 
Omaha 2, Nebraska 


Airports 
Sewerage 
Water Supply 


HORNER & SHIFRIN 


Consulting Engineers 
Ww. W. 


E. 


. C. LIscHER 


and Sewage 


— Reports 


Shell Building, St. Louis 3, Missouri 


Hydraulic Engineering 
Treatment 
Municipal Engineering 


E. 


Sewerage & Treatment 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 


Security Bidg. 


Water Works 


Waste Disposal 
Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BesseLievre, Mor. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 


1080 Atlantic Ave. 


Toledo 1, Ohio 


KEIS 


Consulting Engineers 
Formerly Solomon & Keis 


Water Supply and Purification, Sewe 


Sewage 


Disposal and Incineration, Industrial 
Buildings. 


FT. LAUDERDALE, FLA. 


TROY, N. Y. 


& HOLROYD 


Since 1906 


and 


reatment, Garbage and use 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 


COMPLETE ENGINEERING SERVICE 
Investigations, 
Supervision of Construction and 


Reports. 


Operation 


Sewerage, Sewage Treatment and 

Industrial Waste Disposal 
Chemical and Biological Laboratory 

604 MISSION S8T., SAN FRANCISCO 5 


Design 


It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


Wm. S. Lozier Co. 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Ine. 


Consulting Engineers 
Water Supply 
Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Sewage Treatment 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. ¥. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 
Industrial Waste Disposal 


Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Cc Iti: Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrica! Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
_ age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 EB. 149th St. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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RIPPLE AND HOWE, Inc. 
Consulting Engineers 

O. J. Riepre V. A. VasEEN B. V. Howe 
“Appraisals—Reports 
Design—Supervision 

Water Works Systems, Filtration and Softening 

Plants, Reservoirs and Dams, Sanitary and 
Storm om, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorade 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 


Industrial — Electrical] 
Rate Investigations 


408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


Municipal Public Works & 


tilities 
Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


327 S. LaSalle Street 
Chicago 4, lilinsis 


Hershey Building 
Muscatine, lowa 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industria! Buildings 
Studies—Surveys—Reports 


208 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 


Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Rd. 


Freeport, N.Y. 


J. STEPHEN wae 
J. 8. Warkins . R. Watkins 


CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 


251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


WESTON, ECKENFELDER AND ASSOCIATES 


Consultants 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 

ater—Sewage 
Surveys—Research— Development— Process 
Engineering—Operation Supervision—Anal- 
yses—Evaluations and Reports 


Newtown Square, Pa. Leonia, N. J. 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
jastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Diyos, Municipal and In- 

dustrial Dev bl Water Supply, 

Water Purification, Wate Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 
Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


‘It pays to secure competent and experienced engineering advice! 
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B-L-F Industries 
Cast Pipe Research pass 
Chicage Pomp Company 
Clow, James B. and Sons Valve. 

Everson Manufattariag 
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Pacific Plush Tank Company others 
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AND INDUSTRIAL 


in water and w fieatmient formany 
and sedimentation ef waters that ere difficult to treat using 


the usual coagulati¢m chemicals and methods sre improweas 


when activated silica is employed as a coagulant aid. 


The WT Silactor® (pronounced Sill-ector) prepares (anNe 


applies chlorine on ac basis. Cumber+ 


controlled, compact) WT Sitastor, Sodiu um silicate is pumped 
directly from the sipping drum and is rapidly activated Dy 
metered chlorine witthin the unit. The storing and handiing.ot 


acids or uncommon treatment chemicals are elimineteds: 422, 
For.complete inforgiation about the WT Silactor®, 


logal Wallace & Tiernan representative ‘for Catalog 
60.340, or write io the address below. 


yeats, The: coagulate 


: Activates Siltea with Chloe 
: 28 MAIN STREET. BELLEVILLE ©. NEW JERSEY 


